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Abstract
Documents found on theWorld Wide Web (WWW) may be composed of a single web page, or several web
pages that are linked together by a table of contents or some other commonly known document construct.
When a document spans multiple web pages, it is often inconvenient to print or download the entire
document using available tools. This thesis introduces a concept called the document boundary to facilitate
representation and analysis of multi-page web documents, and suggests a two-phase approach towards
automated identification of document boundaries. In the first phase, individual pages are examined to
determine which links are most likely to represent an intra-document link. This procedure is applied
recursively to identify a group of candidate pages which may be part of the same document. In the second
phase, the link topology and other features of the identified pages are examined in aggregate for indications
of a multi-page document.
A test suite of both single- and multi-page web documents was assembled using a mixture of hand-
picked documents and documents which were gathered by an arbitrary third party. The document boundary
detection system was applied to the main page of each document. The document boundary detection system
was able to achieve a success rate of 73% when its results were compared to the ground truth documents.
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Chapter 1
Introduction
Many documents found on the World Wide Web (WWW) are composed of not just a single web page, but
several web pages which are linked together by a table of contents or some other commonly known document
construct. This multi-page format may cause difficulty for a user who wishes to print or download that
document. Unless the author provides a printable version of the document, the user must go through the
tedious process of printing or downloading each web page one at a time. Furthermore, there is a risk that
some necessary document components will be omitted.
While a small but growing number of web sites also offer a
"printable''
version of multi-page documents,
this cannot be relied upon. Therefore, it is desirable to have a method to facilitate automatic translation
of a multi-page web document to a single contiguous printable format.
1.1 Related Work
The most primitive method to capture the contents of an entire hypertext document is to use a so-called
"offline browser'' , such as WebCopier [34] or WebZip [35]. Utilities such as these allow the user to download
an entire website or the links associated with a given web page according to a set of user-specified rules
(e.g. no more than five levels deep into the link hierarchy, no off-site links, etc.). If a web document has a
central table of contents located on a single page, for example, an offline browser could be set to follow each
of the links on that page to one level of hierarchy, thereby downloading the entire document. Even in this
simple case, though, extraneous material could be included if there are other unrelated links on the page.
Furthermore, this merely downloads the pages to disk; there is no concept of how to combine them into a
single uninterrupted document.
The techniques employed by offline browsers are refined somewhat in [39] in order to to address the
problem of printing a document that spans multiple web pages. Rather than simply downloading the links
that appear on a particular web page, this utility will replace each
"interesting" link with the text of the
web page represented by the destination Uniform Resource Locator (URL). The paper suggests a simple
classification algorithm to discern "interesting" links from '"uninteresting'' links. This algorithm is more or
less similar to that employed by offline browsers: no off-site links are followed, the depth of the search is
limited, and circular linking is avoided by only following links to URLs which have not yet been processed.
In addition, links to a URL which appears higher in the website's directory hierarchy are also classified as
"uninteresting" Because of these restrictions, the document construction utility is limited in what types
of documents it can handle. The document boundary detection system proposed in this thesis takes into
account a much greater number of structural and contextual clues when choosing pages for inclusion within
the document boundary, and can therefore be applied to a wider breadth of documents.
The idea of identifying the relationships among a set of web pages using quantifiable characteristics of
the pages has been applied to a number of other applications besides web printing. Several approaches have
been suggested which vary in terms of the nature and strength of the relationship between pages, in terms
of scope, and in terms of the general problem to be solved.
[15] suggests a manner of identifying "web
communities"
, a naturally occurring logical structure of pages
which are related both by topic and by reciprocating citation. [14] suggests a related technique that is based
solely on link topology, making it unnecessary to perform an expensive content analysis of each page. The
latter approach is based on a variant of a maximum flow algorithm used to determine the maximum flow
or minimum cut of a graph.
Other research has sought to identify and exploit the implied relationships between pages without
actually dividing the pages into coherent groups. [22] shows how the hierarchical flow of a web site can
be used to enhance search results. The Google search engine [16] uses citation analysis techniques to
assist in ranking the relative importance of search hits (unfortunately, the details of this algorithm remain
proprietary) [3]. Another application of hypertext analysis to search engines is found in [8]. This .paper
proposes a method built on Google's link analysis approach that combines other topological clues in order
to narrow the scope of analysis.
One common denominator of all of the aforementioned techniques is that they work on a macroscopic
level. Generalizations are reached concerning wide groups of pages, and therefore it is possible to tolerate
a slight amount of error. For instance, several of these techniques have been developed to enhance search
engines, where the occasional erroneous inclusion of a few extra
"hits"
will not have a severe negative impact
on the user experience.
A few researchers have gone a level deeper and attempted to identify small scale structures existing on
a single web page. [4] is a study of "good linking practice" in order to make hyperlinked content more
understandable and useful to the users. The study suggests means of analyzing a web page for the quality
of linking, and for creating a web page with good linking practice. Their analysis includes segmentation of
a web page into content and navigation oriented sections. A similar segmentation method was proposed in
[37].
The document boundary detection system proposed by this thesis works at both a intra- and inter-page
scope. Page segmentation techniques are combined with analysis of link topology.
Some researchers who have tackled the idea of web printing have suggested that extensions to the
Hypertext Markup Language (HTML) used by the WWW could allow authors to specify the structure of
a document explicitly, thereby facilitating an extremely simple means of automatic document boundary
detection [10] [39]. The disadvantage of this approach is that it requires the modification of an existing
standard. Even if web authors were convinced to switch to this new format, web printing utilities exploiting
the new meta-data would be unable to support legacy web documents which were developed before the
new standard was institutionalized. The system described in this thesis does not require additional author
cooperation, except to the extent that the author has provided the user with sufficient structural and
contextual clues to signify the existence of a multi-page document.
1.2 Motivation
In the past, the primary mechanism for printing a web document has been the
"Print" feature of popular
web browsers, such as Internet Explorer and Netscape Navigator. Unfortunately, this mechanism is limited
to the printing of a web page pointed to by a single URL. When a web document spans multiple web
pages with multiple URLs, the user is forced to visit each web page independently and engage the "Print"
option for each page in turn (some browsers now offer the option to print all linked pages as well, but
like offline browsers, this technique does not work for all types of documents and often includes numerous
extraneous pages). In addition to inconvenience, this method can also introduce additional artifacts that
are undesirable for a printed document.
Consider the Internet news magazine Salon.com. Many of the articles and editorial columns at this news
site are spread across multiple web pages. For example, the March 21, 2001 article "A Matter of Life in
Death" [24] is broken into seven separate web pages. Consider the dilemma faced by a user who desires
to print this article for later viewing. First, the user must visit seven different web pages and click the
print button seven separate times. It is unlikely that each web page will fit exactly on a single printed
page, so paper will be wasted on the spillover for each web page (see Figure 1.1). Worse yet, the final
print will contain seven copies of the Salon.com title bar, seven copies of the navigation bar, seven copies
of the directory and search features, and a whopping sixty-three image-intensive banner ads! Fortunately
for anyone who might be faced with such a drain on printer resources, Salon.com has had the foresight to
offer a
"printer-friendly"
version of this document [25], but clearly not all websites offer this useful feature.
Another example can be found at [29]. This technical article was originally a WT^i document, but
was converted to hypertext using the MeX2HTML utility (this is a common practice in many research
communities). The difficulty here is not so much the inclusion of extraneous material or wasted footer
pages that appear in a page-for-page print, but the large number of web pages that make up this document.
In order to print the entire document, a user must go through the full printing procedure for twenty-four
distinct web pages. Unlike the previous example, this author has not provided a
"printer-friendly"
version.
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Figure 1.1: When attempting to print this web page from the article "A Matter of Life in Death", the last
printed page contains only the bottom navigation bart and no useful printed content. Printing the entire
document will result in seven of these wasted pages.
1.3 Document Boundary Detection
The above examples seem to indicate the existence of a heretofore undefined web construct, which is defined
as the document boundary. The document boundary operates on a localized level, often including only a
handful of pages, or even just a single web page. In addition, the examples show that there is often a
desire to work with all pages within a particular document boundary as an indivisible group, usually for
the purposes of printing or archiving.
This research is distinguished from the previous work outlined in Section 1.1 because the document
boundary exists on a relatively small scale and requires a much tighter relationship between pages than
any techniques which have been suggested by past researchers. Pages which cohabit the same document
boundary are not merely related to a similar topic, or part of the same generally community of pages; they
are literally part of the same presentation and would not be complete in the absence of each other. Because
of this tighter relationship, document boundary detection is especially sensitive to error. If even a single
web page is omitted erroneously or included extraneously, it may cause significant inconvenience to the user.
Assuming that common characteristics of document boundaries can be identified, then it is conceiv
able that an automated software system could reconstruct a particular document boundary without user
intervention. This ability could facilitate a number of applications, the most notable being an "intelligent
web printing
application"Such an application would take as input a single URL representing a page that
the user wishes to print. The application would seek to identify other URLs which lie within the same
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document boundary as the initial page. All URLs within the document boundary would then be coalesced
into a single linear document appropriate for printing.
1.4 Thesis Outline
In this chapter, related work was presented as well as the motivation for the development of a document
boundary detection system. Chapter 2 goes into detail about the concept of the document boundary, and
presents a formal definition and general notation for modeling document boundaries. In addition, some
more pathological examples are described which challenge the definition of the document boundary, and
the reasons for this ambiguity are explained.
Chapters 3-5 describe the development of the document boundary detection system. Chapter 3 describes
the methodology and gives an overaD framework for the system. Chapter 4 provides a detailed description of
the first phase of document boundary detection, link analysis. A number of link categories are defined, and
a mechanism is suggested for detecting two of these categories: progression links and table of contents links.
Chapter 5, on the other hand, provides a detailed description of document analysis, the second phase of
document boundary detection. A method for identifying relevant similarities among web pages is suggested,
and a taxonomy of document structures is proposed.
Chapter 6 shows how the results from the previous chapters can be extended to obtain information
which would be useful to a web printing application but is not strictly related to the document boundary. A
method is suggested for determining the intended order of pages within a document. Some consideration is
given regarding the next step in the development of an "intelligent web printing
application"
, which would
most likely be some sort of filter that would isolate the document content from navigational aids and other
constructs which are not useful in printed form.
Results and conclusions are presented in Chapters 7 and 8, respectively. The fully-implemented docu
ment boundary detection system was tested on a suite of documents obtained from three sources: documents
which were used to guide the development of document boundary detection, documents discovered by a
non-technical person asked to surf the web for a few days recording all documents he found, and a selection
11
of documents designed to reflect a representative sample of pages available on the internet. The document
boundary detection system was able to achieve a success rate of 73% when its results were compared to the
ground truth documents.
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Chapter 2
The Document Boundary
In this chapter, a broad definition of the document boundary is suggested. This definition is then examined
for ambiguities, clarifications are made where possible, and finally some attention is given to pathological
cases which do not seem to conform to the definition whatsoever.
2.1 Definition
The document boundary is defined as an abstract construct that identifies a collection of web pages forming a
single coherent group, the aggregate of which encompasses enough information to convey the "full
meaning''
of the hypertext document without relying on links outside the document boundary. This is a
"boundary" in
the sense that it distinguishes the chosen pages from others in the same web locality.
2.2 Notation
Pages within a document boundary can be modeled as a citation graph of the component pages. A citation
graph is a directed graph where each vertex is a web page and each edge is a hypertext link appearing on
the page represented by the vertex where it originated, and linking to the page represented by the other
connecting vertex. Figure 2.1 shows a graphical representation of the document boundary beginning at [24].
Sometimes it may be desirable to show supplementary pages outside the document boundary, or to show
13
A: http://www.salon.eom/mwt/feature/2001/03/21/s
B: http://www.salon.com/mwt/feature/2001/03/21/:
C: http://www.salon.eom/mwt/feature/2001/03/21/s
D: http://www.salon.eom/mwt/feature/2001/03/21/s
E: http://www.salon.eom/mwt/feature/2001/03/21/s
F: http://www.salon.eom/mwt/feature/2001/03/21/s
G: http://www.salon.eom/mwt/feature/2001/03/21/s
ierra_doe / index . htmlQ
ierra_doe/indexl .htmlD
ierra_doe/index2 .htmlQ
ierra_doe / index 3 . htmlQ
ierra_doe/index4 .htmlQ
ierra_doe/index5 . htmlG
ierra_doe/index6 .htmlD
Figure 2.1: A graphical representation of the document boundary of "A Matter of Life in Death"
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index.html indexl .html index2.html index3.html index4.html index5.html index6.html
index . html 0 i i i 1 , 1
index 1 .html 0 i i 1
index2 . html i 0 1 1
index3.html i i 0 1
index4.html i i 1 0 .1
index5.html i i 1 1 0
index6 . html i i 1 1 i 0
Table 2.1: A table representation of Figure 2.1. The URLs along the left-hand side represent source pages,
the URLs along the top represent destination pages, and each dot signifies the presence of an intra-document
link.
more than one document boundary on the same citation graph. In this case, a dotted-line can be added
around each document boundary. An example of this is shown in Figure 2.2.
Alternatively, the graph may be transformed into table form, as in Table 2.1. By counting the number
of filled rows or columns associated with a particular page, this representation can give a rapid indication
of the how critical a given web page is to the document's overall structure. Another advantage of this
approach is that it may be adapted to include a measure of the likelihood that the two pages are part of the
same document boundary. For example, each entry in the table could represent the frequency with which
users have been known to click on a link leading from the corresponding source page to the corresponding
destination page. A process for obtaining this information from usage logs is suggested in [27].
2.3 Clarification of Key Points
The examples presented so far illustrate cases where the existence of a document boundary is very clear
and its extent is relatively unambiguous. The definition proposed in Section 2.1 seems to do well when
applied to these simple cases. Yet there is in fact a wide degree of ambiguity in the proposed definition. In
particular, it is not always certain what is meant by the phrase "the 'full
meaning'
of a web
page" This
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A: http //www
B: http //www
C: http //www
D: http //www
E: http //www
F: http //www
G: http //www
H: http //www
I: http //www
J: http //www
.salon.com/mwt/feature/2001/03/21/sierra_doe/index.htmlD
.salon.com/mwt/feature/2001/03/21/sierra_doe/indexl.htmlQ
.salon.com/mwt/feature/2001/03/21/sierra_doe/index2.htmlD
.salon.com/mwt/feature/2001/03/21/sierra_doe/index3.htmlD
.salon.com/mwt/feature/2001/03/21/sierra_doe/index4.htmlD
.salon.com/mwt/feature/2001/03/21/sierra_doe/indexS.htmlD
.salon.com/mwt/feature/2001/03/21/sierra_doe/index6.htmlD
salon.com/health/feature/2000/10/24/cancer/index.htmlQ
salon.com/health/feature/2000/10/24/cancer/indexl .htmlD
salon.com/health/feature/2000/10/24/cancer/index2.htmlD
Figure 2.2: This graph shows the document boundary of "A Matter of Life in Death" and its citation
relationship with the related story "Fighting for Treatment" [23].
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section attempts to clarify some of these points.
2.3.1 Single Page Documents
It is not surprising that many of the web pages that exist on the WWW are encompassed by their own
document boundary; in other words, many hypertext documents consist of only a single web page. Examples
of this can be seen in any article on the Internet news outlet Cnn.com [7]. Each article consists of only a
single web page, regardless of its length.
2.3.2 Reader Intent vs. Author Intent
Consider the words '"full meaning'of the hypertext document" in the previously stated definition of the
document boundary. Andrew Dillon [9] observed that there are at least three distinct ways of viewing
the structure of electronic text: the structure that is being imposed by what is browsed by the reader; the
structure as a representation of convention, in that structure manifests itself according to the expected rules
that a writer follows during document production; and the structure as a conveyor of context, in that there
is a naturally occurring structure to any given subject matter. The question is, should the "full
meaning"
of a document encompass a structure that represents the reader's intent, one that represents the author's
intent, or one that represents an inherent structure dictated by the content?
The last approach is the most easily dismissed. A software system which could understand content and
make an assessment of the most natural means of conveying that content is well beyond the scope of this
thesis. In order to be useful, the document boundary must be defined another way.
Defining the document boundary according to reader intent turns out to be nigh impossible. Returning
once again to the Salon.com example, suppose a particular reader loses interest after the second page, while
another follows it to the fifth page before being distracted by a banner ad and continuing his or her browsing
on an entirely different website. An infinite number of documents could be constructed out of reader intent,
so this clearly cannot be used to define a formal hypertext construct.
It seems more reasonable to base the document boundary on author intent. First of all, there are only
a handful of authors (and often only one) for each given web page, while there could be any number of
17
readers. The author's decisions are static, and often reflect a more coherent view of the material being
presented. Finally, a good author will tend to leave clues embedded in the hypertext itself that indicate his
or her intentions regarding document structure.
All of these observations make author intent seem the most appealing way to judge which pages should be
included in the document boundary in order to capture the document's "full meaning" Unfortunately, there
are circumstances where even the author's intent does not provide a tractable solution (see Sections 2.3.3
and 2.4.2). In such cases, a fourth alternative may hold some promise. While the intent of individual
readers could take a nearly infinite number of forms, it may be possible to glean some information about
the intent of the "average user"by looking at all possible reader intents in aggregate. The theoretical users
who elected to stop reading "A Matter of Life in
Death"
on the second or third page are most likely outliers
in the overall distribution of user intent. In fact, if the author has done a reasonable job of conveying his or
her intended document flow, then the aggregate of all user intents should correlate closely with the author's
intent.
2.3.3 Intersecting Document Boundaries
While the reader-defined structure includes an infinite number of possibilities, there axe also some circum
stances in which there exist more than one author-defined structure that seem to meet the definition of
the document boundary. For example, the description of an "Email
Chess"
game located at [31] seems to
be part of a document that contains descriptions of all of Shockwave.corn's multiplayer games [33]. It may
also appear, from another perspective, to be part of a different document containing a description of all of
Shockwave.corn's classic card and board games [32]. From the perspective of a user who is only interested
in playing chess, this web page may be a document on its own. It seems that there are three equally valid
and intersecting document boundaries which all include the description of the "Email
Chess"
game. This
behavior is modeled in Figure 2.3.
It is clear that a collection of document boundaries must be viewed as a group of intersecting sets. Only
in the most ideal cases, such as the Salon.com article, can all document boundaries be made truly distinct.
This is a side effect of the challenges faced when attempting to reduce a non-linear hypertext document to
18
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A: http: //www. Shockwave. com/ sw/games/multiplayer/Q
B: http://www.shockwave.com/sw/content/mublackjackD
C: http: //www. shockwave.com/sw/content/emailchessD
D : http : / /www .Shockwave . com/ sw/content /inklinkl 5D
E: http://www.shockwave.eom/sw/games/classics/D
F: http://www.shockwave.com/sw/content/notsolitaireD
G : http : / /www . Shockwave . com/ sw/content /solitaireD
Figure 2.3: The document boundary graph pictured here shows a case where a single web page is shared
by several intersecting document boundaries.
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a linear progression of printable or downloadable pages.
One important ramification of this intersecting behavior is that it is no longer possible for applications
based on the document boundary to entirely ignore the individual reader's intent. When there is more than
one document boundary to choose from, an "intelligent web printing application' must either guess which
set of pages the user most likely desired, or somehow prompt the user as to which alternative he or she
intended. The latter approach challenges the notion that document boundary detection can be done without
any user intervention. Perhaps this is a situation where, the "average
user"
concept can be employed.
2.3.4 Resolution of Document Boundary
Another question that needs to be answered is on what resolution the document boundary can operate. The
simplest way to draw a document boundary is to choose a collection of web pages and include the entire
content of each page. Note that the notation proposed in Section 2.2 is confined to this interpretation.
Unfortunately, this is not the most desirable approach. When initially considering the need for a docu
ment boundary, one observation was that each page in the document may contain a number of constructs
which are either irrelevant to the document, or which are relevant but are unnecessarily repeated on each
page (e.g. title bar, navigation bar, banner ads).
It is therefore desirable for some applications that the document boundary can include all or part of
the content of each web page that it passes through. In the case of the Salon.com article, the document
boundary would include the article text for each page, a single copy of the title bar, and either one or zero
copies of the navigation bar and site table of contents. By this interpretation, the banner ads are not part
of the document.
One possible method of managing this finer resolution is proposed here. First, a set of web pages is
chosen where each page has some content that is included within the document boundary. An attempt is
made to identify irrelevant information in each page, such as a navigation bar and banner ads. Following
this, all redundant information contained in multiple pages within the document boundary is collapsed into
a single copy.
This method cannot handle all cases. It is possible, for example, for two separate documents to co-exist
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on a set of web pages where each document includes different portions of the content for each page. All
of the advertisements in the seven pages of the Salon.com article could be viewed as a separate document
that would act as a catalog of products advertised on Salon's website. Another problem is that redundant
information may sometimes be intentional and necessary to the document structure. As an example,
consider song lyrics listed on a web page. It is likely that there will be a chorus appearing several times,
yet each occurrence of the chorus really is a distinct piece of the document. Here, collapsing the redundant
information would not necessarily be appropriate.
While many applications would benefit from the interpretation presented in this sub-section, this poten
tial for finer granularity may sometimes be ignored for the sake of simplicity. An application attempting to
construct a document boundary may attempt to filter out redundant and/or unnecessary information from
each individual web page, or it may simply form the document boundary as a collection of complete web
pages.
The two-phase identification technique presented in this thesis focuses on the latter approach. A group
of URLs is selected, but no judgment is made as to what content on each page belongs in the document
boundary. It is proposed that this decision would be made by a subsequent
"filtering"
operation performed
on the identified pages, which is beyond the scope of this thesis (see Section 6.2).
2.4 Pathological Cases
Despite the above clarifications, one can still find examples ofWWW documents which defy characterization
under the working definition of the document boundary. In some cases, a
potential document boundary
can be identified but it is simply too large and unwieldy to represent a useful construct for the target
application. Other groups of pages on the web do not seem to exhibit a hard document boundary at all;
instead, the intended contents of these documents are constantly changing to reflect some sort of external
stimulus, such as user interaction.
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2.4.1 Menus, Front Pages, Portals
One of the most common pathological cases of the document boundary can be seen in the front page to
almost any website. For example, consider the front pages of Salon.com [30] and Cnn.com [6], A number
of document boundaries can be suggested which would encompass these pages, but none seems entirely
adequate. Is there a document boundary that encompasses the entire website? If so, does that mean there
is a document boundary that encompasses the entire World Wide Web? This notion has some support
among other researchers: As stated by Michele Jackson, "[I]n a hypertext system, the notion of individual
documents collapses as all material is always simultaneously connected to each other into the single universe
of the 'Document.'" [20]
Perhaps in the case of these two news outlets, there is a document boundary that encompasses the front
page and the set of pages listing articles by topic (i.e. the table of contents for each sub-section of the
website). Perhaps site front pages are simply an example of single-page documents, in that they list the
contents of the website but are not intended to convey any information beyond that. This last alternative
seems the most reasonable, but it is not entirely clear how the definition of the document boundary applies
in this case. Each interpretation may represent a valid document boundary, all of which intersect through
the front page of the website.
An even more baffling example can be seen at [19]. At the top of the page is a list of articles concerning
"Technology in Business" , but this short list is only a single page out of three that are available. The menu
spans multiple web pages. There seems to exist a document boundary which includes the "Technology in
Business" heading and choices on three web pages. This lends credibility to the notion that the document
boundary of a menu consists only of the menu itself, and does not include the content offered by the menu
choices.
Site front pages are a special case of a menu, which offers several options of where to go next but suggests
no clear progression from one option to the next. Portals [38] and search engines [16] also present a similar
set of challenges.
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Figure 2.4: This installment-based document has a huge number of valid document boundaries, each pro
viding a continuous view into some portion of the document. A few of those are shown on the graph.
2.4.2 Very Large or Installment-Based Documents
In the previous class of pathological cases, we saw that some of the difficulty in classifying these document
boundaries lies in the fact that some of the possible boundaries are simply too large to be practical. This
is particularly true with regards to the web printing application. The cost in both time and ink of printing
the entire Cnn.com website is much higher than most users would be willing to pay.
There is another class of a documents for which there does exist a document boundary that is useful for
printing, but for which limited resources are still a consideration. Consider the User Friendly comic strip
archives located at [17]. Each web page contains a single daily installment of the strip. The collection of
daily installments forms a single story line. Does this suggest that there is a document that encompasses
every User Friendly comic strip that exists in these archives? That is almost certainly too large to be
used in a web printing application. It does seem reasonable, however, that a user might wish to print all
installments for a particular week, month, year, or any arbitrary range of dates. This dilemma bears a
strong resemblance to the failure of reader-intent to provide a strong document boundary definition: there
are a nearly infinite number of valid author-intended document boundaries to choose from.
In this class of documents, the condition exists because the author has provided a continuous view
of an extremely large web document and specified no clear manner of segmenting it. Furthermore, the
document is constantly growing as more installments are added. Any continuous view into the document
also represents a valid document boundary that a user might wish to print, resulting in an exponentially
growing number of potential document boundaries. This is represented graphically in Figure 2.4.
One easily implementable way to deal with this case is to merely cap the document boundary at a
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predetermined maximum size. The user would then be informed that there seems to be a very large
document, and would be asked to select if there is a continuous view that he or she wants to print or
download, or if the application should continue to gather more pages indefinitely.
In the case of the User Friendly comic archive, content on the page as well as the filename itself give
clues as to how the pages are indexed: in this case by date. It is conceivable that an application employing
the document boundary might attempt to recognize certain standard indexing methods and allow the user
to specify their desired cross-section by directly using the indexing method employed by the document.
2.4.3 Purely Hypertext Documents
In defining the document boundary, an implicit assumption was made. It was assumed that it is possible for
any given hypertext construct to be converted into a linear collection of pages. There is some justification
to this. In response to those who insist that documents can be presented more efficiently in an electronic or
hypertext medium, Andrew Dillon [9] states that a printed document gives the reader access to the entire
body of text at once, while hypertext limits the window that can be viewed at any given time.
Reversion from hypertext to a linear presentation is relatively straightforward when the document in
question is clearly a hypertext translation of a document that originally existed in a linear fashion. News
articles are a perfect example of this. They represent a linear progression of text that was translated into
hypertext merely for the purpose of presentation on the World Wide Web. The linking features provided
by HTML are often incidental, and at best provide a mechanism for the user to jump to pages which are
related but are not part of the same document (It is not surprising that these purely linear documents are
those that most often exhibit an unambiguous document boundary).
On the other hand, some documents were created as hypertext documents and their authors never
intended them to be viewed as anything but hypertext documents. An example of this is the hypertext
story
"afternoon" by Michael Joyce [21]. This story is presented to the reader in an entirely non-linear
fashion, often looping back on itself and skipping forward and backward in time. The manner in which the
story progresses, in addition to the details the reader is allowed to see, are determined by the hypertext
links which the reader follows during the course of the story.
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Why is it so difficult to reduce this using the definition of the document boundary? It has already been
seen that the document boundary or set of document boundaries must be based on author intent, lest it
degenerate into an infinite number of combinations of seemingly random pages. In this case, the very flow
and structure of the document itself is directly determined by the reader's choices. Rather than providing
a static structure, the author has provided an organic, ever-changing structure that dynamically responds
to reader intent. Unfortunately, this creative approach violates the very premise on which the document
boundary has been defined.
For the purposes of archiving, it might be valid to treat the entire collection of component pages as a
single boundary, but that approach could become awkward for a printing application. Since most paths
through the document do not include all of the component pages, the resulting super-document could easily
be several times larger than the user had anticipated. Also, ordering of pages becomes a problem.
A rather dubious possibility is to artificially impose a single progression through the story by using the
concept of the "average
user"While this would certainly allow linearization of the document, a great deal
of the creativity and richness of the original document would be lost.
It seems that the most valid interpretation would be to define a separate document boundary for each
possible progression through the story. Since a true-hypertext document may contain cyclical progressions,
this could easily result in a literally infinite set of possible document boundaries. One possible method
of dealing with this in a web printing application is to allow the user to record a browsing session for
later printing. When the user enters the dynamic web document, he or she activates a browsing capture
feature. The progression through the pages is recorded, and upon conclusion that particular instance of the
document can be collected, filtered, and formatted for printing. The disadvantage of this approach is that
it requires a much larger amount of input from the user.
2.4.4 Handling Pathological Cases
The ultimate decision in how to best treat these pathological cases rests on the application for which
the document boundary is being employed. An intelligent download application might err on the side of
inclusion, and download the largest document boundary that seems to apply. Even in the case of a true-
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hypertext document, it might be appropriate in this situation to download the entire non-linear collection
of pages for later viewing.
On the other hand, an intelligent web printing application would rarely be used in the situations presented
in this section. What need is there to print the front page of a web site? The best course of action for
an intelligent web printer might be to err on the side of exclusion, and handle these pathological cases by
interpreting them as single page documents only. This suggested difference in interpretation is a result of
the wide disparity in cost between hard disk storage and printed media.
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Chapter 3
Methodology
When viewing a particular web page, a user must decide if the page represents a document on its own, or if
there are other pages that reside within the same document. Assuming the author has provided sufficient
indication of the existence of additional intra-document pages, the average user should have little difficulty
in making this distinction. Yet the question remains as to how knowledge of this technique should be
imparted to a computer system.
Since the software system will be attempting to mimic the decisions and intents of a human, it will
require some sort of artificial intelligence. Dynamically learning systems, like neural networks, were avoided
because they are generally difficult to train and take a long time to converge, especially with the large
number of parameters which would be involved in obtaining contextual clues from a weakly-structured
language like HTML.
It would seem that a more static solution, such as an expert system, would be more appropriate for
use in an automated document boundary detection system. In an expert system, the knowledge possessed
by a trained human, or
"expert"
, is hard-coded into a computer system in an attempt to approximate the
decision-making skills of that person. In this case, the system was programmed with sufficient knowledge
that a typical user would use when identifying web pages that reside within the same document boundary.
During the course of the investigation, a number of explicit and implicit assumptions were made as to
how users are able to identify multi-page web documents. This thesis lists all assumptions explicitly and in
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their finalized form. The development of an effective document boundary detection system was guided by
an iterative process of forming assumptions; implementing algorithms to mimic the knowledge implied by
these assumptions; checking the validity of these assumptions and accuracy of the algorithms by applying
them to a wide variety of test documents; and then altering, deleting from, or adding to the assumptions
based on the knowledge gained.
Often, a single newly discovered pathological document would act as the initial impetus for the formation
of a new assumption, and hence new knowledge in the evolving expert system. In many cases, it was found
that the knowledge gained from a single document also applied to other documents discovered at a later
date. Other times, it appeared that the new assumptions did not have wide applicability, and these were
subsequently dropped in favor of a more general solution.
The feasibility of any robust document boundary detection system relies an a single core assumption:
Assumption 1 When creating a multi-page web document, the author will always provide clear structural
and contextual cues to indicate the existence of other pages within the same document and their relationship
to the source page.
In Section 7.4, examples are presented that illustrate cases of poorly constructed web documents where
this fundamental assumption has been violated. Not only do these types of pages make it difficult or
impossible to build a 100% accurate document boundary detection system, but because of the lack of
adequate document indicators they may sometimes cause even a human user to become confused or fail to
recognize the existence of a multi-page document.
3.1 Expert System Framework
Given that Assumption 1 is correct, it should be possible to build an expert system which would recognize
structural and contextual cues, and use pre-defined knowledge to exploit them in recognition of a
multi-
page document. The proposed expert system, pictured in Figure 3.1, uses an iterative two-stage approach
in identifying pages that may lie within the document boundary. The stages are known as link analysis and
document analysis.
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Input URL
Link Analysis
Discovered URLs
Document Analysis
Document Boundary
Figure 3.1: A two-stage approach to document boundary detection
The link analysis stage takes as input a single URL representing a web page. Each link that appears
in the web page is examined for traits which suggest that it may lead to another page which inhabits the
same document boundary as the source page. This allows the construction of a list of candidate pages,
which are other web pages that may lie within the document boundary. Link analysis is then applied to
each candidate page, which may in turn result in the discovery of new candidate pages that are then added
to the list. This process continues in an iterative fashion, until all candidate pages have been analyzed or
until some arbitrary stopping point is reached (e.g. the number of candidate pages has grown too large to
be manageable).
Once an exhaustive list of candidate pages has been identified, the document analysis stage begins.
The pages are examined in aggregate in order to identify traits suggesting the existence of a true document
boundary. Similarities between pages are identified, and a citation graph is developed which is then scanned
for document-like structures. In this fashion, extraneous candidate pages are filtered out, leaving only those
pages which have the highest probability of forming a coherent document boundary.
Under the present implementation, both phases are accomplished by using metrics to identify key traits
ofweb pages and their component parts; and then by applying rules, which encode a single piece ofknowledge
as a transformation between one or more metrics to a single certainty factor representing the degree of belief
or disbelief concerning a single possible decision.
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3.1.1 Certainty Factors
Certainty factors are a common technique employed in expert systems and other forms of artificial intelli
gence [13]. They offer a less rigorous alternative to the use, of probability. Whereas probabilities must be
very precise iin order to yield effective results, certainty factors afford a wider range of variation without
having too strong an impact on the final result. It is therefore effective to employ certainty factors in
situations where knowledge is being conveyed by an "expert" rather than being generated mathematically
through analysis of an extensive training set.
In it's simplest form, a certainty factor is a number ranging from 0.0 to 1.0 inclusive which represents
the degree of belief in a given hypothesis based on particular piece of evidence. If more than one piece of
evidence is provided, the two corresponding certainty factors C\ and C2 can be combined into a resulting
certainty factor Cn according to the following rule:
Cn = C\ + Ci C\Ci
In this simple rule, belief in a particular hypothesis increases monotonically as more evidence is accu
mulated. This approach can be made more flexible by the association of a second certainty factor with
each piece of evidence: the degree of disbelief. This allows the accumulation of evidence to contradict a
hypothesis as well as to support it. Each new piece of evidence has a measure of belief (Mb) and a measure
of disbelief (Md). As certainty factors are combined, these two quantities accumulate separately. An overall
certainty can be obtained by subtracting the measure of disbelief from the measure of belief (Mb
- Md).
Two ordered pairs of certainty factors represented by (Mbl,Mdl) and (Mb2,Md2) can be combined to
generate a new ordered pair of certainty factor (M6n, Mdn) according to the following set of rules:
Mbn = Mbl + Mb2 - MblMb2
Mdn = Mdl + Mii - MdlMd2
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In this manner, the resulting certainty Mb - Md is free to increase or decrease over time as new evidence
is accumulated that either supports or contradicts the given hypothesis.
3.1.2 Metrics
For the purposes of this thesis, a metric is defined as a function which accepts a fixed number of parameters
of a predetermined type and returns a numerical result. Presumably, the metric is measuring some trait of
the parameter(s) or their relationship to each other.
The document boundary detection system implementation has a built-in facility for performing type-
checking on the input to a metric and for caching the results.
3.1.3 Rules
For the purposes of this thesis, a rule is defined as a function which accepts a fixed number of parameters
of a predetermined type and returns a certainty factor. The certainty factor should represent the likelihood
that a particular hypothesis is true based on the knowledge encapsulated in that rule (e.g. a rule which
takes two web pages as input might return the certainty with which the pages reside in the same document
boundary based on some measure of similarity between the pages). Usually, a rule is based on the output
of a single metric that accepts the same set of parameters.
The document boundary detection system implementation has a built-in facility for performing type-
checking on the input to a rule. There is also built-in code to handle the common case of a "bucket rule",
where a particular metric is evaluated and its output classified in one of several
"buckets"
or ranges in order
to determine the value of the certainty factor which is returned.
3.2 Tools
Javawas chosen as the language of implementation, primarily because of the web access capabilities built into
the Java Developers Kit (JDK). In addition, Java's flexibility and ease of use allowed for rapid prototyping,
which was critical in the success of this project.
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After a single round of prototyping, it became clear that while some of the JDK's built-in facilities
were quite useful, the HTML parsing and manipulation capability was too buggy and unwieldy to be used
effectively. As a result, a Java implementation of the Document Object Model (DOM) was used for internal
storage of parsed HTML. In DOM, each HTML element is represented by a single "Node" object in an
n-ary tree structure. The description of implementation that follows often refers to a DOM Node object
in elaborating on how the document boundary detection system functions. More detailed information on
DOM can be found at the web site1 of the World Wide Web Consortium (W3C).
1http://www.w3c.org
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Chapter 4
Link Analysis
The core assumption of the link analysis technique follows directly from the proposed definition of the
document boundary suggested in Section 2.1:
Assumption 2 The citation map of all pages within a document boundary forms a single non-disjoint
graph; in other words, one can traverse the entire document by following a trail of hypertext links that
strictly resides inside the document boundary.
With this assumption in mind, it is proposed that the first step in an automated document boundary
detection system should be to identify links within a given web page which seem as though they might link
to other pages within the same document. Such links are heretofore referred to as intra-document links.
Note that some of the wording in this assumption is ambiguous. It is not specified whether the citation
map is considered to be a directed or non-directed graph. It is not difficult to think of examples where
the non-directed citation graph complies with this assumption, whereas the directed citation graph is not
complete. The most common example of this is the case where a document has a centralized hub page
which links to each of the component pages.
Documents which obey this assumption in the sense of a non-directed graph will cause the document
boundary detection system to become very sensitive to the choice of initial input URL. If a "non-hub"
page is chosen as a starting point, the system will not be able to locate any links back to the central hub
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page, and will therefore fail to identify the proper document boundary. For the purposes of discussion,
documents with a directed citation map comprising more than one disjoint graph will be said to "loosely
obey Assumption 2", whereas documents mapped by a non-disjoint directed graph are said to "strictly obey
Assumption 2"
This chapter identifies a number of different categories of links, states additional assumptions regarding
which categories have a higher chance of being intra-document links, and suggests a method for identifying
those categories.
4.1 Possible Categories of Links
This section lists a possible taxonomy of links. This is not intended to be a comprehensive fist of all possible
link categories which one can define, but it should be sufficient for identification of intra-document links.
The link categories discussed are as follows:
Progression Links
Table of Contents Links
Menu Choices
Related Material and Bibliographic Links
Content-Embedded Links
Unclassifiable Links
4.1.1 Progression Links
Many multi-page web documents provide links on each page to reach the next
and/or previous pages in the
document. Others may provide links to the
"top" (i.e. first page) of the document, or to other well-known
locations.
Links of this type are known as progression links, since they provide some well-defined progression
through the set of pages within the document boundary. They are most often indicated by the presence of
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some well-known textual clue, such as the text
"next"
or
"previous" In other cases they may be indicated
by a graphic picturing an arrow.
4.1.2 Table of Contents Links
Astute web authors usually include a table of contents for a multi-page web document. This table serves
a dual purpose. First, it informs the user in advance of the general flow of content through the document.
Second, through the use of hypertext links it provides a way for the user to jump to any section of the
document at will.
A web document's table of contents links are almost always represented by a "cluster" of links. Later,
more attention is given to the definition of a link cluster. When taken together, the links within the table
of contents should provide a means to jump directly to every page in the document, or at the very least
to some logical subset of the document (i.e. all pages in the current chapter). In many cases, the author
will choose to omit the current page from the table of contents. Presumably this is to avoid user confusion,
where the user will see a link that seems to be clickable, but which does not lead to new content.
4.1.3 Menu Choices
Not all link clusters represent tables of contents. Another class of links which often appears as part of a
link cluster are menu choices. Often, these represent a navigation bar or site map, which presents the user
with a number of different alternatives concerning which part of the website he or she wishes to visit. Menu
choices can usually be distinguished from table of contents links because they lead to a more
"distant"
page
within the same site (i.e. they may lead to a page in a very different part of the directory structure).
It is debatable whether a menu choice may represent an intra-document link. This issue is discussed in
detail in Section 2.4.1. For the purposes of this thesis, menu choices are not considered to be intra-document
links.
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4.1.4 Related Material and Bibliographic Links
One of the original intentions of hypertext is to allow a document to link to other documents which contain
related material, or which were used as a source when composing the document in question. Related material
and bibliographic links are often found in clusters, usually near the end of a document. Many times these
are easy to spot, since they often link to an entirely different web site residing on a different server.
Bibliographic links and links to related material never represent intra-document links.
4.1.5 Content-Embedded Links
Sometimes a hypertext document may contain links interspersed with the actual content of the page. These
content-embedded links are used to highlight certain keywords where additional or related information on
that topic is available elsewhere.
Usually, content-embedded links do not represent intra-document links. Instead, they are usually more
similar to related material links (see Section 4.1.4). However, this is not always the case. For example,
[2] contains a content-embedded link which provides additional information regarding the primary topic of
the page, roller coasters. This URL never appears in any table of contents, even though it does seem to be
part of the same document.
When a content-embedded link is indeed an intra-document link, the URL is often very close to that of
the source page. This may be of some limited assistance in distinguishing the two.
4.1.6 Unclassifiable Links
One of the great double-edged swords of the web has been its leniency and flexibility. In contrast to a
structured markup language like L-TeX, which imposes a standard document structure, content authors
using HTML are free to design their documents in any manner they choose.
While it is arguably true that
this has contributed to the rapid growth of the world wide web, it has also allowed some less savvy web
authors to make some very poor and confusing design choices.
As a result of this, some links are merely unclassifiable. For example, the fan website of the British band
Radiohead utilizes a series of web pages with incomprehensible content and poorly labeled links to provide
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an intentionally bewildering experience to the user. The sole link on the page located at [28] is simply labeled
"Link."
with no other clues as to its purpose or meaning. Because of their random nature, it is impossible
to make generalizations about when these unclassifiable links might also represent intra-document links.
4.2 Relevant Link Categories
With this proposed taxonomy in mind, it is desirable to limit the search for intra-document links to a small
number of easily identifiable categories. The chosen categories should encompass all of the most common
forms of intra-document links.
Assumption 3 A well-authored multi-page document will always include either progression links or table
of contents links which indicate the structure of the document.
Based on Assumption 3, the focus of the remainder of this chapter is on identification of progression links
and table of contents links only. All other links are lumped into the "other" category, even though this may
result in some omissions (i.e. some content-embedded intra-document links will be ignored). The following
two sections suggest methods for identifying progression links and table of contents links, respectively.
4.3 Identifying Progression Links
The proposed definition of progression links found in Section 4.1.1 is distilled into a formal assumption as
follows:
Assumption 4 A well-authored web page signals that a particular link represents a progression link by
placing it near a progression indicator that provides some sort of visual hint suggesting the nature of the
progression.
There are two key points of this assumption. The first key point is that progression links are always
accompanied by progression indicators, a visual clue suggesting the nature of the progression (i.e. the text
string
"next"
may indicate that a nearby link leads to the next page of the document). Section 4.3.1 focuses
on how progression indicators are identified.
The second key point of the assumption is that a progression indicator is "near" its corresponding
progression fink. Section 4.3.2 focuses on how to identify which link is associated with a given progression
indicator.
4.3.1 Identifying Progression Indicators
Those progression indicators which take the form of a text string should be relatively simple to locate:
the text of the web page is searched using a list of text strings which commonly indicate progression (e.g.
"next"
,
"previous" ) . Care must be taken to avoid "false alarms" , where a text string seeming to indicate
a progression indicator is actually a substring of a larger word that conveys an entirely different meaning
(see below). Despite this, the general approach to identification of textual progression indicators is a simple
text search operation.
It is somewhat more difficult to recognize graphical clues, such as a left or right arrow. If the author
of the page has thought to include "alt" tags for all images1, then the value of that tag may be used as a
text representation of the graphic. The resulting text representation is then searched according to the same
rules as for pure text content.
If no "alt" tag is specified, then it is necessary to resort to examination of the name of the image source
file. This can also be searched using the same list of text strings, or it can be searched for additional strings
that would indicate the contents of the image itself (e.g. "arrow").
There remains the possibility of some sort of image recognition technique that would directly examine
the pixel data of an image to try and ascertain if it represents an arrow or other graphic indicative of a
progression link. At the present time, this approach is deemed too computationally intensive to justify
the marginal benefit. The vast majority of graphical progression indicators can be identified using the
text-conversion techniques discussed above.
One disadvantage of the text search approach to progression indicator identification is that it is tied
to a particular language. Any system implementing a document boundary detection scheme should ensure
lln HTML, "alt" tags specify a text description of an image which can be used by text-only web browsers such as Lynx.
Needless to say, the heyday of text-only web browsing is long gone, and unfortunately the result has been that many web
authors have become careless in their inclusion of "alt" tags.
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that the list of strings used as potential progression indicators can be easily modified. This allows multiple
language extensions to the same system.
The document boundary detection system implemented as part of the development of this thesis was
confined to analysis of English web documents only. The complete list of progression indicators used is
found in Appendix C.l.
False Alarms
Sometimes a particular text string which normally indicates a progression link may be contained within
another word that has an entirely different meaning. The most prevalent example of this is the occurrence
of the string
"back" in the word "feedback" The string
"back" is normally a strong progression indicator,
suggesting a means of reaching the previous page in a document. On the other hand, the word
"feedback"
is often used to provide a link to an e-mail address where users may give their thoughts and opinions on a
document or web site.
One method of dealing with this case is to restrict detection of progression indicators to whole words.
This approach is flawed, however. Consider the example of an image called backarrow.gif. Although
the text representation of that graphic contains two strong progression indicators, neither of them are
represented as a whole word.
Another more tractable method is to identify common words which contain progression indicators but
do not convey the same meaning. These words are called progression indicator false alarms. All instances
of these words are removed from the text before it is examined for the presence of progression indicators.
The list of false alarm strings used in the present document boundary detection system can be found in
Appendix C.2.
4.3.2 Association of Links with Progression Indicators
The second key point of Assumption 4 is that a progression indicator will tend to be
"near" its associated
progression link. This requires some sort of mechanism for measuring the perceived proximity between a
given link and an image or text string.
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Measuring Proximity
The problem at hand is generalized as follows: to develop a quantitative measurement of the perceived
proximity between two DOM Node objects in a single parsed web page. By making this generalization, the
solution may be applied to link cluster identification as well as progression link association (see Section 4.4.1).
Although a comprehensive study of how a user perceives proximity on a web page would be a multi-
disciplinary study involving psychology as well as computer science or computer engineering, it seems safe
to make the following assumptions on how proximity is perceived:
Assumption 5 One key contributing component to the perceived proximity between two components of a
web page is the actual pixel distance between the components.
Assumption 6 Another key contributing component to the perceived proximity between two components of
a web page is the degree to which they cohabit the same logical structures (e.g. tables, lists, etc.).
Assumption 7 A third key contributing component to the perceived proximity between two components of
a web page is the amount and intensity of intervening content between the components.
Although it seems at first to be the most straightforward, Assumption 5 poses numerous challenges
to implementation. First, it requires that the web page be fully rendered, whereas all other measurements
used by the document boundary detection system rely purely on parse tree information easily obtained from
the DOM tree. Second, one must arbitrarily choose the dimensions of the window for which the page will
be rendered. Lastly, each browser implementation may have slight differences in how pages are rendered.
Should the document boundary detection system try to most closely emulate Internet Explorer, Netscape
Navigator, or perhaps an alternative browser like Opera? Given the expensive and arbitrary nature of
measuring pixel distances, Assumption 5 will be ignored.
Assumptions 6 and 7, on the other hand, are translated more easily into a generalized algorithmic
approach, and operate purely on the DOM parse tree. Assumption 6 is quantized using the Shortest
Traversal Weight Metric. This metric takes as input a pair of DOM Node objects which are part of the
same web page's parse tree. The shortest possible traversal between the two Node objects in the tree is
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computed. Each of the Node objects encountered along the way is assigned a weight according to the
weighting scheme specified in Section C.4. These weights are then summed to produce the return value of
the Shortest Traversal Weight Metric.
Assumption 7 is quantized using the Full Traversal Weight Metric, which also takes a pair of DOM Node
objects as input. The first step of computing this metric is to locate the shortest possible traversal between
the two Node objects. Then, for each Node in this traversal, each of the children which lie "between" the
input nodes in the tree axe appended to the list of Node objects encountered during traversal. A child
node is said to he between the input nodes if the HTML element or content would have occurred after the
first node and before the second node in a text representation of the HTML. Note that if one of the input
nodes is a direct parent of the other, there are no such intervening child nodes, and the result is merely the
shortest traversal. After finding the so-called "full traversal" , each of the resulting Node objects is assigned
a weight according to the weighting scheme specified in Section C.4, and the weights are then summed to
produce the return value of the Full Traversal Weight Metric.
A single value for the perceived distance between each progression indicator and each link is obtained
by a weighted sum of the traversal metrics, as follows:
Mstw = value of Shortest Traversal Weight Metric
Mftw = value of Full Traversal Weight Metric
dperceived = k\Mstw + k2Mftw
The link with the smallest perceived distance (dperceived) to a progression indicator is designated as the
link most likely to be associated with that progression indicator.
Verifying the Validity of a Progression Link
An apparent progression indicators does not always signal the existence of a progression link. For example,
a link with the text "Click here to read what previous researchers have had to say about web
documents"
most likely does not represent a path to the previous page of a document, even though it contains the word
"previous"
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Once the corresponding link to a progression indicator has been identified, the indicator and link must
be further examined to see if they match the profile of a true progression link. This will help to screen out
1
cases where an apparent progression indicator appears, but not in a context where it represents a progression
link.
Assumption 8 A true progression indicator will usually stand by itself or be accompanied by a small
amount of auxiliary text. On the other hand, if a word which would normally indicate progression is part
of a large paragraph, it most likely does not represent a progression link.
This assumption is easily quantized by the Progression Indicator Fraction Metric, which measures what
fraction of the text representation of a DOM Node object is taken up by the text of a progression indicator.
For example, the nine character string "Next
Page" has a progression indicator fraction of 0.44, since the
progression indicator "Next" spans four out of nine characters. This metric is used by the Progression
Indicator Fraction Rule, which takes as input a single DOM Node object representing a possible progression
indicator. The value is then thresholded into one of several buckets and a certainty factor is returned
representing the likelihood that this text represents a true progression indicator. The higher the progression
indicator fraction, the more likely that the text indicates the presence of a progression link. This provides a
way to exclude cases where a progression indicator appeared coincidentally as part of a large block of text.
Assumption 9 A true progression indicator will always be very close to its corresponding progression link,
often being contained within the link itself.
This assumption can leverage off the measurements of proximity that were developed in Section 4.3.2.
The larger the measured distance from a progression indicator to its associated link, the less likely it is
that the progression link is valid. This is represented by the Closest Link Proximity Rule. This rule takes
as input a single DOM Node object which represents a possible progression indicator. The closest link is
located, and the Shortest Traversal Weight and Full Traversal Weight Metrics are applied to the resulting
pair of DOM Node objects. The values of these metrics are combined in a weighted sum, as described above.
This rough measure of proximity is grouped into one of several buckets, and based on that a certainty factor
is returned which represents the likelihood that this possible progression indicator is attached to a real
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intra-document link. The higher the distance measure, the less likely that this indicates a true progression
fink. Application of this rule will help screen out false progression indicators that do not have any clearly
associated link.
In addition, a progression indicator's associated link can be examined for traits that are common to any
sort of intra-document link.
Assumption 10 The destination URL of an intra-document link will tend to be very close to the URL of
the page which contains the link. They will almost, always reside on the same server, and most often will
reside in the same directory or section of the directory hierarchy.
Assumption 11 The destination filename of an intra-document link will often contain some of the same
words or abbreviations as the filename of the page which contains the link.
Assumption 10 is represented by the pairing of the URL Distance Metric and the Closest Link URL
Distance Rule. The metric takes as input a pair ofURLs and computes a measure of the "distance" between
the URLs. If the URLs reside on the same server, then the distance is measured by finding the shortest
possible traversal through the directory structure and a point value is assigned for each up or down directory
change which is required. If the URLs reside on different servers, then a much larger point value is assigned
for each level of the domain hierarchy in which they are different. The Closest Link URL Distance Rule
operates on a single DOM Node object representing a possible progression indicator. The closest link is
found, and the URL Distance Metric is applied to the destination of that link and the URL of the source
page. This URL distance is grouped into one of several buckets, and based on that a certainty factor is
returned which represents the likelihood that this possible progression indicator is attached to a real intra-
document link. In keeping with the aforementioned assumption, a distant URL decreases the likelihood
that the DOM Node object indicates a true progression link.
Similarly, assumption 11 is encapsulated in a simple rule/metric pairing. The filename similarity metric
also accepts a pair of URLs as input. If the URLs are in different directories, zero is returned. However,
if the URLs are in the same directory, then the associated filenames are compared. The largest matching
substring of the filenames is determined, and it is divided by the length of the longer of the two filenames.
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The resulting fraction is returned as a measure of filename similarity. The Closest Link Filename Similarity
Rule locates the closest link, applies the associated metric to the link destination and the source page, and
thresholds it into a bucket representing a certainty factor. In this case, a higher return value for filename
similarity represents an increased likelihood that this is a true progression indicator.
4.4 Identifying Table Of Contents Links
It seems that most web authors have formatted their hypertext tables of contents in a manner similar to a
traditional table of contents. Even when this is not quite the case, it should be safe to make the following
assumption:
Assumption 12 In a well-authored web page, table of contents links will appear in link clusters which
indicate to the user that all of these links are part of a single cohesive construct.
Given this assumption, the first step in locating a table of contents is to locate all the link clusters in a
particular web page.
4.4.1 Identifying Link Clusters
A link cluster is defined as a set of links in a particular web page that are part of a single cohesive group
where each serves a related purpose in guiding the user through the web. A cluster could, among other
things, represent a table of contents, a list of exterior links, or a navigation bar listing other areas of a web
site. Identification of link clusters is similar to the web page segmentation techniques proposed in [4] and
[37].
In order to locate link clusters, it is necessary to form some basic assumptions about their characteristics.
These characteristics are based off the same clues that a user might use to identify that a group of links are
part of a cohesive group. The most obvious trait is that the links in a link cluster should be "near" each
other. In other words, they should have a high perceived proximity.
Assumption 13 The links in a link cluster are arranged so that the user will perceive them as being in
close proximity.
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Another characteristic of link clusters which is fairly straightforward is that the links will generally look
alike. This application of this should be less stringent than the previous requirement of a link cluster. For
example, the author may want to highlight one or more of the links by putting them in boldface type.
Assumption 14 The links in a link cluster will generally be formatted in a similar fashion so that they
resemble each other visually. Images will tend to be of similar proportions, and text will generally be in the
same font using the same text style.
The final assumption regarding the characteristics of link clusters is not immediately obvious. It was
discovered when it was observed that the table of contents of the humor column "Cliff Yablonski Hates
You" [5] could not be easily discerned as a link cluster based only on the previous two assumptions. The
background color changes between every column, which interfered with the present method of measuring
link proximity (see Section 4.3.2) and also caused adjacent links to appear very different, in violation of
Assumption 14.
Users recognize that these links are all part of the same group because there is a clear pattern of change
as the table of contents progresses. Although normally an intervening change in background color would
result in a low perceived proximity, the regularity of the background change diminishes its effect.
Assumption 15 The links in a link cluster almost always exhibit some measure of regularity, in that the
changes in format and the intervening content between pairs of adjacent links in the cluster will tend to form
a consistent pattern. When a very high degree of regularity is observed, this can counteract other effects
which would normally result in a low perceived proximity.
The task of measuring proximity between two components of a web page has already been covered in
Section 4.3.2. The same metrics can be used to help identify link clusters. The Shortest Traversal Weight
Rule takes a pair of DOM Node objects as input (presumably representing a pair of links) and applies
the Shortest Traversal Weight Metric to the pair. The resulting value is thresholded into a bucket and
a certainty factor is returned. In keeping with assumption 13, smaller values of the metric represent an
increased likelihood that the links are part of the same cluster. The Full Traversal Weight Rule applies an
identical procedure to the Full Traversal Weight Metric.
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On the other hand, it is necessary to develop new metrics in order to make a measurement of visual
similarity and of perceived regularity.
Measuring Visual Similarity
The fulfillment of Assumption 14 requires some means of measuring the similarity in appearance of two
links. As with the proposed proximitymetrics, this problem is generalized as developing a means to measure
the similarity in appearance between two pieces of content in a web page (i.e. DOM Node objects).
The visual appearance of a text component in HTML is dictated by a number of tags which specify font,
font size, text style, etc. All tags in the HTML 4.01 specification [36] which affect text appearance were
compiled and put into a list of characteristic tags. They axe listed in Appendix C.3. When comparing two
text components for visual similarity, all applicable characteristic tags for each axe located and correlated.
In some cases, only the existence of a tag of the same name indicates some similarity (e.g. <B> for bold
face). Other times, the tag attributes must also match in order for the tags to indicate a similar appearance
(e.g. <F0NT> can specify any number of fonts and other text traits depending upon the attributes).
The Characteristic Similarity Metric is an attempt to capture this. It takes as input a pair ofDOM Node
objects (unlike most other metrics, it is not strictly required that both nodes be part of the same web page's
parse tree). Because of the loose syntax of HTML, a relatively convoluted algorithm is required to obtain
a good quantitative measure of visual similarity. For each Node object, the descendants are examined until
either a leaf node is reached, or there is more than one descendant at a particular level of the hierarchy. If
the former case is true and the leaf node is a <IMG> tag, then the type of the original Node object is said
to be "image" If the former case is true and the leaf node is a piece of text content, then the type of the
original Node object is said to be
"text" If the latter case is true (multiple descendants were discovered),
and if every one of the multiple descendants is a leaf node representing a piece of text content, then the
type of the original Node object is said to be
"text" Lastly, if multiple descendants were discovered and
not all of them were text content leaves, then the type of the original Node object is said to be
"unknown"
At this point in the algorithm, one of three conditions must be true:
The type of either Node object is
"unknown"
, or the types of the Node objects are not the same. The
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value 0.0 is returned.
The types of both Node objects are "text" All parents of each leaf Node are searched to find
characteristic tags (see Section C.3). The number of Associated characteristic tags which are matched
in both name and attributes between the two leaf nodes is divided by the larger number of associated
characteristic tags, and the resulting fraction is returned.
The types of both Node objects are "image" The number of associated attributes which are matched
in both name and value between the two leaf nodes is divided by the larger number of associated
attributes, and the resulting fraction is returned.
The Characteristic Similarity Rule applies this algorithm to link clusters. A pair of DOM Node objects
representing links is accepted as input, and the Characteristic Similarity Metric is applied. The value is
thresholded and grouped into a bucket with an associated certainty factor. Higher values of the metric
increase the certainty that the links are part of the same link cluster.
Measuring Regularity
The measurement of perceived regularity poses some significant implementation problems. As with many
of the topics covered in this thesis, an exhaustive study would require the expertise of many disciplines,
including psychology. However, it is possible to make some guesses as to how regularity is perceived.
Assumption 15 already implied two ways which contribute to user-perceived regularity: (1) the nature and
amount of intervening content between adjacent links follows a consistent pattern, and (2) the changing
format among adjacent links follows a consistent pattern.
In the trivial case, the amount of intervening content is always very small and the format identical.
When this happens, measurement of regularity is not necessary, as it has already been accounted for by
the other two indicators of a link cluster (proximity and similarity). However, there may be cases where
proximity or similarity are very low between adjacent links, but where the changes follow a predictable
pattern. This can often be approximated by saying that the HTML tags between adjacent links follow a
predictable pattern. With this in mind, the following algorithm is proposed for measuring regularity:
47
1. Choose a pair of links for which regularity will be measured. Call them link X and link Y.
2. Find the full traversal between link X and link Y in the parse tree; call this the "key traversal" (see
the description of the Full Traversal Weight Metric in Section 4.3.2 for a description of what is meant
by "full traversal")
3. Compute a "step vector" , this being the amount of links which are encountered when moving from
link X to link Y. For example, two adjacent links would have a step vector of one, while a pair of links
which has a single intervening link would have a step vector of two.
4. Identify a regularity test set, consisting of n pairs of links in the vicinity of the links X and Y which
share the same step vector.
5. For each pair of links in the test set, identify the full traversal. This is correlated to the key traversal,
and the fraction of the two which exactly match is added to a running tall)'.
6. The running tally of matching fractions is normalized by the number of pairs which were tested (i.e.
divided by n). This will produce a number from 0.0 to 1.0 indicating how well the progression from
link X to link Y obeys a pattern dictated by surrounding links.
The pattern matching operation in step 5 can be computationally expensive, especially since the number
of link pairs in a web page grows quadratically with the number of links. For this reason, the above algorithm
is approximated by correlating the summed weight of the full traversal, or in other words by correlating the
value of the Full Traversal Weight Metric. Caching of metric values will yield an even greater performance
improvement, since the Full Traversal Weight Metric has already been computed in order to assess the
proximity of each link pair. This approximation is embodied by the Full Traversal Weight Regularity
Metric, which takes a pair of DOM Node objects as input.
The Full Traversal Weight Regularity Rule accepts as input a pair of DOM Node objects which each
represent a link. The Full Traversal Weight Regularity Metric is applied to the pair of objects, then
thresholded and grouped into a bucket with an associated certainty factor. The higher the measure of
regularity, the greater the certainty that the pair of links are part of the same link cluster.
48
Another point raised by Assumption 15 is the idea that a very high regularity score can sometimes
overturn the conclusions that were reached by the absence of other traits of a link cluster. For this reason,
the Qualified Shortest Traversal Weight Rule and Qualified Full TraversalWeight Rule are used. These rules
are identical to their "unqualified" counterparts, except that if the return value has a negative certainty
(i.e. disbelief), the magnitude of the disbelief is reduced in proportion to the value of the Full Traversal
Weight Regularity Metric. This allows links which have a large amount of intervening content or which
inhabit separate tables to reside in the same cluster, assuming that the cluster displays a very high degree
of regularity.
An example of this can be seen in the tour of facilities for the web hosting company Pair.com [26]. The
links to each page of the tour are separated by a brief description of that portion of the tour, an image
representing that part of the tour, a section heading, and numerous formatting commands such as a font
change. Despite the spatial and logical separation between links, they are still clearly part of a coherent
group of similarly-functioning links and therefore should be part of the same cluster.
Transitive Clustering
In order to simplify computation and improve performance, the clustering is defined to be transitive. In
other words, if link A is in the same cluster as link B, and link B is in the same cluster as link C, then link
A and link C must also be in the same cluster. This has a significant computational advantage. As soon as
a link is added to an existing cluster, it is no longer necessary to analyze it in conjunction with any other
links in that cluster.
A possible disadvantage of this approach is that it does not allow the possibility of intersecting but
distinct link clusters. It is not hard to image a situation where this might arise. For example, in a table
of contents each of the chapter headings might form a cluster, while a single chapter heading and all the
section headings underneath it would be another cluster which intersects with the first. The entire table of
contents would also form a third cluster that is a superset of the other two. Using the transitive clustering
approach, only the
"supercluster"
would be found.
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4.4.2 Distinguishing Table of Contents Clusters
Once all link clusters have been identified, the task remains of distinguishing which clusters represent tables
of contents and which represent other constructs, such as navigation bars or bibliographies.
It has been observed that other constructs (besides tables of contents) that are commonly found as part
of a cluster tend to lead the user to a very diverse set of alternatives. For example, a list of bibliographic
links will often contain links which lead to a number of different host machines where the various pieces of
reference material may be located.
Assumption 16 Unlike many other constructs which are found in link clusters, hypertext tables of contents
tend to include links which lead to a very concentrated group of pages; the
"distance" between destination
URLs is very small.
A method of measuring URL distance has already been proposed in Section 4.3.2. This can then be
adapted to measure the average URL distance among the destination of all pairs of links in a cluster. The
Average URL Distance Metric takes as input a list of DOM Node objects representing a cluster of links.
The destination URL of each link is determined. If the source URL where these links appeared is not one
of the destinations, then it is added to the resulting set of URLs. The URL Distance Metric is applied to
each pair of distinct URLs which can be formed from the set. The sum is divided by the the total number
of pairs to give an average value for the URL distance Metric when applied to all destination URLs.
Note that the source URL on which the links appear is appended to the worklist of URLs, if it is
not already included. This unfortunate deviation from an otherwise straightforward algorithm is necessary
because the table of contents on a given web page rarely contains a link to itself, even though a comprehensive
table of contents would include all pages in the document. Another way of saying this is that when an author
has chosen to include a table of contents on every page in the document, the self-referential link will usually
be inactivated or removed from the current instance of the table of contents, in order to avoid user confusion.
The Average URL Distance Rule also takes as input a list of DOM Node objects representing a link
cluster. The Average URL Distance Metric is applied, and the result is thresholded into a bucket with
an associated certainty factor. The smaller the average URL distance, the more likely that this cluster
50
represents a table of contents.
While the average URL distance of each link pair is one useful metric for determining a table of contents,
it has also been observed that if even a single link is extremely distant from the source URL, that significantly
reduces the chances that a cluster is a table of contents. In other words, even if the average URL distance
is very low, a small number of outliers may still indicate that this cluster is something other than a table of
contents. This conclusion leverages off ofAssumptions 10 and 16, and is embodied in a standard metric/rule
pairing:
The Distant URL Fraction Metric and Distant URL Fraction Rule both accept as input a list of DOM
Node objects representing a link cluster. For the metric, the destination URL of each link is determined.
For each of the resulting URLs, the URL Distance Metric is applied in conjunction with the source URL
where these links appeared. If the result of this metric is above a predetermined threshold, the link is
considered
"distant" The number of distant links is tallied and is divided by the total number of links
in the cluster. The resulting fraction is the value of the metric. The Distant URL Fraction Rule applies
this metric to its input, and thresholds it into a bucket associated with a certainty factor. The smaller the
Distant URL Fraction Metric, the more likely that this cluster represents a table of contents.
Note that many links do not share a cluster with any other links; or to put it differently, many clusters
contain only a single link. This degenerate case of a cluster will almost certainly not represent a table of
contents. Perhaps it could if the document has only two pages, but in that case one has to ask why a
table of contents should be included at all. Instead, the author could have used simple progression links to
indicate that the document has two parts. In addition, it is possible to make some generalizations on the
size of a typical document boundary and screen potential tables of contents based on this information.
Assumption 17 All meaningful tables of contents will contain a minimum of two entries. Furthermore,
typical multi-page documents utilizing a table of contents are in the range of three to twenty pages. The
likelihood of a cluster representing a table of contents will fall off drastically as it moves outside of this
range.
Implementation of this assumption does not require ametric, since the quantity being measured is readily
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available (size of the cluster). Instead, the Cluster Size Rule may stand on its own. The input to this rule
is again a list of DOM Node objects representing a link cluster. Each range of cluster sizes is associated
with a certainty factor. Clusters with only one or two entries will have a low likelihood of representing a
table of contents. Clusters with three to twenty entries axe most likely to be a table of contents. As the
size grows beyond twenty entries, the certainty factor will gradually decrease.
The rules described in this section are applied to each identified link cluster, and the combined certainty
is used to assess the likelihood that each cluster represents a table of contents. Once a table of contents has
been definitively identified, each of its component links is added to the list of intra-document links.
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Chapter 5
Document Analysis
The fink analysis technique presented in Chapter 4 has access to only a single web page at one time. This is
critical for beginning the document boundary detection process, since the only input to the system is a single
URL. The link analysis technique is first applied to the input URL, and the most likely intra-document
finks (if any) are used to form a list of other pages which could possibly be part of the same document.
This process is applied iteratively to the newly discovered pages until no new pages axe added to the list,
or until some arbitrary stopping point is reached (e.g. a maximum document size limit is reached). At this
point, the system has obtained a collection of pages which all appear to be related by some sort of document
boundary indicator.
Assuming that at least one possible intra-document link was discovered, it seems logical that additional
information could be obtained by analyzing multiple pages in conjunction. This chapter suggests a method
of doing just that.
Since document analysis is applied only to the web pages that were gathered in the first phase of
document boundary detection, the constants used during link analysis should be calibrated with a bias
towards page inclusion. In other words: when it is not clear as to whether a link represents an intra-
document link, the system should err on the side of caution, and add the destination URL to the list of
input pages for the document analysis phase.
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5.1 Page Similarities
It seems reasonable to suggest that most documents were created with a particular topic in mind. In
addition, each page in the document will most likely have been created by the same author or group of
authors, which usually leads to a similar look and feel for each page.
Assumption 18 Web pages in the same document will tend to have certain commonalities. In particular,
each page will almost always cover a similar topic and have a similar visual theme.
5.1.1 Meta-Data Correlation
A computer program which could take as input a few paragraphs of text and reliably divine the general
topic of discussion would be quite a feat in and of itself. Fortunately, HTML provides a way for authors to
supply this type ofmeta-information in a manner which is easily digestible by software. This is the <META>
tag.
<META> tags allow web authors to specify any type of information using a name-value pair. This is
often used to provide such diverse information as author, description, search keywords, date created, or any
number of useful tidbits about the document.
Since an author is free to use any key he or she desires when defining a <META> tag, even the correlation
of names may provide some clue as to when two pages are strongly related. A document boundary detection
system could find any meta-information with a matching key, and then check to see if the values match as
well. This should give a loose indication of page similarity at a very low processing cost.
The Matching <META> Tag Fraction Metric takes a pair of web pages as input, as well as a search
string. Both web pages are searched for a <META> tag for which the key matches the input string. If
both pages contain an appropriately-named <META> tag, then the values of the tag are examined to find
the longest matching substring. The length of the longest matching substring is divided by the length of
the longer of the two tag values, and the resulting fraction is returned. If one of the pages contains an
appropriately-named <META> tag, but the other does not, then 0.0 is returned to signify no match. If
neither page contains an appropriately-named <META> tag, then -1.0 is returned to signify that the result
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of this metric is meaningless.
The Aggregate Matching <META> Tag Fraction Metric is applied to a pair of web pages. Both web
pages are searched for <META> tags, and a list of key names for these tags are compiled. If at least one
<META> tag was found, then the Matching <META> Tag Fraction Metric is applied using each of the entries
in the list of key names. The resulting total is divided by the size of the list of key names. If neither page
contains any <META> tags, then -1.0 is returned to signify that the result of this metric is meaningless. All
string comparisons performed by this metric are case-insensitive.
This metric is used by the Aggregate Matching <META> Tag Fraction Rule, which also takes a pair of
web pages as input. The Aggregate Matching <META> Tag Fraction Metric is applied to the web pages.
The value of this metric is then thresholded into one of several buckets, and a certainty factor returned
based on this result. The higher the value of this metric, the more likely it is that the pages are part of the
same document boundary. If the value of the metric is -1.0, however, this rule returns a certainty factor of
0.0, representing no new knowledge. In this fashion, the Aggregate Matching <META> Tag Fraction Rule
provides an approximation of assumption 18.
Targeting Specific Meta-Data Fields
In an effort to increase the usefulness of <META> tags, groups such as the Dublin Core Metadata Initiative
(DCMI) have defined standard ways of encoding meta-information in HTML so that active web tools can
exploit them more efficiently [11]. The most pervasive case of this is the use of a <META> tag with the
name
"keywords" All words contained in the value of this tag are then used by search engines to index
and classify pages of related topics [36].
A few other types of meta-information are so valuable to document boundary detection that it is worth
while to search for the appropriately named <META> tag, even though it may or may not exist. This
includes author/creator, and a description of the page. If two pages do not have the same author, then they
almost certainly do not belong to the same document.
The Matching Author Metric applies the Matching <META> Tag Fraction Metric to a pair of web pages
using the input strings "author", "creator", and
"DC.author" If any of these values axe equal to 1.0, then
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the result of the new metric is also 1.0 (indicating that the authors matched). If they are all equal to -1.0,
then the result of the new metric is also -1.0. (indicating that neither page specified an author). If values
all are greater than or equal to 0.0 but less than 1.0, then the result of the new metric is 0.0 (indicating
that the authors did not match).
The Matching Keyword Fraction Metric takes a pair of web pages as input and applies the Matching
<META> Tag Fraction Metric using the string "keywords" Similarly, the Matching Description Fraction
Metric accepts a pair of web pages and applies the Matching <META> Tag Fraction Metric using the strings
"description"
and "DC.Description", and returns the larger of the two values.
The above metrics are employed by the Matching Author Rule, the Matching Keyword Fraction Rule,
and the Matching Description Fraction Rule respectively. In each case, a metric value of -1.0 will result
in a neutral certainty factor (no new information was discovered), while any other metric value will be
thresholded into a bucket with an associated certainty factor. The higher the value of the bucketed metric,
the more likely that the two pages are part of the same document.
5.1.2 Content Correlation
Presumably, most documents will be presenting new content on each page, unless the author is hopelessly
redundant. However, observation has suggested that a large fraction of the HTML source and screen
real estate on a typical web page is devoted to title bars, navigation bars, tables of contents, advertising,
copyright notices, and other canned constructs that are repeated on every page. This auxiliary content can
be used to indicate a tight correlation between pages.
At present, there are no metrics or rules which exploit content correlation. The reasons for this are
two-fold. First, exhaustive content correlation tends to be be very performance intensive. That might not
be a problem for two or three page documents, but imagine trying to detect the repetition of a small textual
copyright notice on every page in a 150-page document. The other reason is that even a high content
correlation may be a relatively weak indicator that two pages reside in the same document. Since many
websites have a common theme and style of menu presentation for every single page in the site, content
correlation often serves merely to indicate that the pages axe part of the same site. Usually, this information
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can be ascertained much more quickly by a simple comparison of the URLs.
5.1.3 Style Correlation
A less performance intensive alternative to content correlation is style correlation. The <B0DY> tag of a
web page will often include attributes specifying the text color for normal text, links, and active links, as
well as the background color or graphic. If these attributes match, that may sometimes be indicative of an
association between the two pages.
Like content correlation, though, the relationship indicated by a high degree of style correlation may be
no tighter than that of two pages that are part of the same website. The document boundary detection
system currently does not perform correlation of such style characteristics.
5.2 Document Structure
It has been observed that many multi-page web documents display a similar topology of links within the
document. This is particularly true if incidental referential links axe removed, and only the strongly-typed
intra-document links (i.e. progression links and table of contents links) are considered in the link topology.
The reason for this is clear: a consistent pattern of navigation will assist the user in understanding the
inherent structure of the document.
Assumption 19 A reasonably well-authored multi-page document will tend to exhibit a consist structure
among the topology of intra-document links.
There are two possibilities for exploiting Assumption 19. The first is to identify the most commonly
known document topologies and attempt to correlate them with any potential document. The other is to
devise a mathematical representation of consistency of structure which does not rely on a priori knowledge
of common topologies.
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r. AD-,
A: http://www.salon.com/mwt/feature/2001 /03/21 /sierra_doe/index.htmlO
B: http://www.salon.com/mwt/teature/2001/03/21/sierra_doe/index1.htmin
C: http://www.salon.com/mwt/feature/2001/03/21/sierra_doe/index2.htmlD
D: http://www.salon.com/mwt/feature/2001/03/21/sierra_doe/index3.htmlD
E: http://www.salon.com/mwt/feature/2001/03/21/sierra_doe/index4.htmlD
F: http://www.salon.com/mwt/feature/2001/03/21/sierra_doe/index5.htmlD
G: http://www.salon.com/mwt/feature/2001/03/21/sierra_doe/index6.htmlD
Figure 5.1: The Salon article "A Matter of Life in Death" using the revised document boundary notation.
5.2.1 Revised Notation
In order to fully described the nuances of document structure, it is necessary to expand on the notation
described in Section 2.2. Rather than merely indicate the presence of a generic intra-document link, the
graph of a document boundary must differentiate between progression links and table of contents links.
Progression links are represented by a dotted line, while table of contents links are represented by a solid
line. Figure 5.1 shown the revised graph of the Salon article [24] using this new technique.
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Figure 5.2: All of the pages in this document axe connected via a table of contents which is reiterated on
each page. Each instance of the table of contents omits the current source page.
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Figure 5.3: A variation of Figure 5.2. In this document, the table of contents is repeated in unadulterated
form.
5.2.2 A Taxonomy of Document Structure
Experience has shown that the vast majority of multi-page documents exhibit a structure which falls neatly
into one of only a handful of categories. The most common categories are described here.
All-Connected via Tables of Contents Each page in the documents has a complete (or nearly com
plete) table of contents. Every page links to every other page via a table of contents link. Figures 5.2
and 5.3 show the two flavors of this structural type: with and without the self-referential link.
Centralized Table of Contents A single hub page contains the table of contents for the entire document,
with a leg of the hub reaching off to each page of content. Usually, each content page has a return
link to the main table of contents. Note that a centralized table of contents with no return links (as
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Figure 5.4: This document has only a single table of contents residing on a central hub page. This 'is a
relatively weak structure, and only loosely complies with Assumption 2.
shown in Figure 5.4) and no other supplemental structure only "loosely" obeys Assumption 2, since
the stricter version demands that every page in the document must be reachable from every other
page in the document using only intra-document links. Detection of documents which violate this
assumption is still possible, but the process will be highly sensitive to the choice of input URL.
Hierarchical Tables of Contents Extremely large documents are sometimes broken into a hierarchical
structure, using both chapters and sections for example. Occasionally the author will also choose to
hide the lower level pages when viewing the table of contents at an upper level. This results in a
hierarchy of one or more of the one of the aforementioned table of contents structures. An example
using a two-level hierarchy of centralized tables of contents is shown in Figure 5.5.
Progression Chain Each page in the document has a progression link to the adjacent page(s) in the
document. There are two varieties of this structure: uni-directional and bi-directional progression. In
uni-directional progression, there is only ever a link to the next page. In bi-directional progression,
there is a link to both the next and previous pages. Note that uni-directional progression chains
without any other supplemental structure are also said to be in
"loose"
compliance with Assumption 2
and will therefore be sensitive to the choice of input URL. A bi-directional progression chain is pictured
in Figure 5.6.
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Figure 5.5: The page represented by 'A' contains the central table of contents, whereas 'B', 'C, 'D', and
'E'
each contain their own subordinate table of contents with a various number of entries. This represents
a hierarchically structured document.
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Figure 5.6: This document displays a bi-directional progression chain structure. Each page contains links
to the adjacent page(s).
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Figure 5.7: Uni-directional progression chains axe made more robust by the inclusion of return links which
lead back to the first page in the document. This completes the directed citation graph, bringing the
document into strict compliance with Assumption 2.
Progression Chain with Return Links Each page in the document contains a progression link not only
to the adjacent page(s), but also to the first page of the document. This also comes in both the uni
directional and bi-directional flavors. Unlike a simple progression chain, however, the uni-directional
flavor of a progression chain with return links strictly complies with Assumption 2 and is not sensitive
to the choice of input URL. A unidirectional progression chain with return links is shown in Figure 5.7.
Compound Structure The most skillful authors will employ a redundant document structure tomaximize
user comprehension. Under this approach, a table of contents-oriented structure is combined with a
progression-oriented structure. A common example of compound structure, nicknamed the "broken
wheel"because of its resemblance to a spoked wheel with a single segment of the outer edge missing,
is pictured in Figure 5.8. This is a combination of the centralized tables of contents structure with the
uni-directional progression chain structure. The gap in the outer edge of the wheel appears between
the last and first page of the document, since these are not linked by a direct progression link.
Document boundary detection will tend to be most effective when the document structure contains
redundancy. A document with the maximum possible redundancy will employ a compound structure formed
out of the all-connected table of contents and the bi-directional progression chain structures. This is pictured
in Figure 5.9. The Salon article diagrammed in Figure 5.1 displays a compound structure formed of an
all-connected table of contents and a uni-directional progression chain.
The document boundary detection system attempts to identify these structures, and assigns a score to
each. The scores corresponding to each document structure observed in a potential document boundary are
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Figure 5.8: The compound document structure pictured here is common in documents generated by
_^TpJX2HTML. It is nicknamed the "broken wheel" because it resembles a spoked wheel with a single
outer segment missing.
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Figure 5.9: Pictured here is the most strongly-structured known document type. A redundant table of
contents connects all of the pages, and a bi-directional progression chain circles the outside of the document.
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accumulated, resulting in a certainty factor which represents the validity of the potential boundary. The
scores associated with each document type are listed in Section C.5
5.2.3 Assessing the Strength of a Document Structure
Section 5.2.2 outlined a few of the most common document structures. By no means are these meant to
encompass all possible structures that could be imposed on a multi-page document, however. Ideally, one or
more metrics would be created which access the degree to which a group of web pages displays a generalized
notion of structure, without relying on a pre-defined taxonomy of structures. This section speculates on a
possible implementation. (Note that the document boundary detection system as it currently stands does
not use this approach, as it seems to require more refinement before it is useful.)
In a given document, the number of incoming and outgoing links of each type of intra-document link
(i.e. progression links and table of contents links) axe counted for each page. This produces four numerical
quantities for each page. The average and standard deviation of these quantities axe then computed across
the entire document. Each of the four standard deviation results are then normalized by the respective
average results. The lower the normalized standard deviation, the stronger the observed structure.
Table 5.1 below shows the results of these four measurements applied to documents of three, five, or
ten pages which exhibit the known document structures listed in section 5.2.2. This table provides an
assessment of the accuracy of these measurements when applied to commonly-occurring documents.
These proposed metrics seem to be a step in the right direction, but they are not sufficient for the
assessment of document structure. For example, in a document with a "centralized table of
contents"
structure, the central hub page plays a very different role from the content pages and therefore has a strong
effect on the standard deviation in the table of contents fink count metrics. A similar problem can occur
in progression-oriented structures. The first and last pages of the document will have slightly different
progression link counts than the other pages. If the document is not very big, this can cause a rather strong
document structure to appear as if it were random noise.
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Structure Score
TOC Links Prog. Links
Type Pages Incoming Outgoing Incoming Outgoing
All-Connected
viaTOC
3 0.0 0.0 N/A N/A
5 0.0 0.0 N/A N/A
10 0.0 0.0 N/A N/A
Centralized
TOC
3 0.71 1.4 N/A N/A
5 0.5 2.0 N/A N/A
10 0.33 3.0 N/A N/A
Uni-Directional
Progression
Chain
3 N/A N/A 0.71 0.71
5 N/A N/A 0.5 0.5
10 N/A N/A 0.33 0.33
Progression
Chain with
Return Links
3 N/A N/A 0.35 0.35
5 N/A N/A 0.75 0.31
10 N/A N/A 1.33 0.22
"Broken
Wheel"
3 0.71 1.4 0.71 0.71
5 0.5 2.0 0.5 0.5
10 0.33 3.0 0.33 0.33
Table 5.1: The proposed document structure metrics are applied to a sampling of common
document
structures
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Chapter 6
Web Printer-Specific Analysis
In addition to the basic two-phase approach to document boundary detection, a number of related techniques
were discovered during the course of the investigation which are not directly related to the document
boundary, but which are of potential value in an "intelligent web printing
application,"
and which can
leverage off of the same data that was collected during document boundary detection. Those techniques
are presented here.
6.1 Page Ordering
Unless document boundary detection is taking place merely for the purpose of offline archiving, it will
almost certainly be necessary to know the intended order of the component web pages. Progression links
and table of contents clusters can both be of use in determining the natural flow of a document.
6.1.1 Directional Progression Links
The contextual clues which help indicate the existence of progression links often provide an indication of
the direction of the progression. For example, the text string "next", or a graphic of a right arrow, would
most likely imply a progression to the subsequent page in the intended document ordering; whereas the
string "prev", or a graphic of a left arrow, would imply a progression to
the previous page in the intended
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document ordering. These links seem to represent a vector in a one-dimensional document continuum.
Note that not all progression links can be characterized so easily. Many documents include a link to
the "top" of the document, i.e. the first page. This is still classified as a progression link, as it indicates
a means to reach a well-defined location in the document (see Section 4.1.1). However, it does not have a
specific direction associated with it. If the first page links to itself via a "top" progression link, then the
link indicates no direction.
One method of exploiting this is to assign a directional weight to each progression indicator string. This
is a number from -1.0 to 1.0 inclusive which indicates the likely direction of progression and the strength
with which that direction is indicated. Positive numbers represent a forward pxogression, while negative
numbers represent a backwards progression. For example,
"next" is a very strong indicator of a forward
progression, so it would have a high positive value assigned for its directional weight (0.9 in the current
implementation) .
The proposed algorithm for deriving a page ordering from the directionalweights ofprogression indicators
is as follows:
1. Choose an arbitrary starting page, and assign it an order value of zero. This page is the "current
page"
2. Find the "net progression
weight"from the current page being examined to each of the pages that it
progresses to or is progressed to by. The net progression weight is computed by adding the associated
directional weight for each outgoing progression link, and subtracting the associated directional weight
for each incoming progression link. Pages which have already been assigned an order value are excluded
from this step.
3. For each page that is progressed to or progresses to the current page, assign it an order value that is
the sum of the current page's order value and the net progression weight computed
in the previous
step. Again, pages which already have been assigned an order value are excluded from this step.
4. Arbitrarily choose one of the pages with a newly assigned order value and make it
the "current page"
Return to step 2. The process terminates when all pages have
been assigned an order value.
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5. The derived ordering for the pages is represented by ascending order value. In case of a tie, any
arbitrary tie-breaking method may be used.
The main drawback of this approach is that it is non-deterministic in the case of a circular progression.
Once a page's order value has been assigned, it cannot be changed. Sometimes, however, additional in
formation (i.e. the presence of an unaccounted-for progression link) will not be discovered until after the
order value has been assigned. As long as there are no circular progressions, however, this situation will not
occur.
Another drawback is that the algorithm may not terminate properly if there are not progression links
between all pages in the document. In this case, one of the unassigned pages should arbitrarily be assigned
the value 0.0 and the algorithm will restart at that point.
6.1.2 Order of Appearance in a Table of Contents
Assumption 12 suggested that tables of contents tend to appear as link clusters. The following assumption
builds on that point in the context of page ordering.
Assumption 20 Not only do table of contents links tend to appear in clusters, but the order in which they
appear in the cluster indicates the intended order of the pages in a linear representation of the document.
If a central table of contents page is provided, this assumption can be taken at face value and the
ordering of the links in that table of contents will determine the ordering of the pages in the final printable
document. If multiple tables of contents appear, it is possible that they may contain conflicting information.
In this case, an "average
ordering"
can be determined. The index of each page as it is linked to in each
table of contents is normalized by the number of pages in that table of contents to yield a number from
0.0 inclusive to 1.0 exclusive. The normalized indices are then summed for each page. The resulting value
yields an order value for each page. As with the algorithm suggested in the previous section, the derived
page ordering is indicated by ascending order value.
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6.1.3 Combining the Results
The most well-authored web pages will often provide the user with clearly indicated progression links and
one or more tables of contents. This redundancy has been,of assistance in document boundary detection,
and can also be of use in determining the intended order of pages in the document.
A page ordering based on information gained from both progression links and table of contents links
can be obtained by simply summing the order values derived from each technique. Both algorithms were
designed such that each single fink modifies the order value by no more than 1.0, so under normal conditions
there is no need to normalize the results of each algorithm before combining them.
When a circular progression occurs, it is often desirable to reduce the weight of the progression indicator-
derived order values, or to simply ignore them altogether. If a circular progression is detected, then the
order values derived from that progression axe reduced by a fixed weighting before combining them with
the values derived from the tables of contents.
6.2 Filtering
The next stage of an "intelligent web printing
application"
would be to take the newly discovered document
boundary and filter out content which is unrelated to a printed version of the document (e.g. while navigation
bars are very useful in the hypertext version, they serve little or no purpose once printed). Although this
thesis does not go in depth about techniques that would be used for filtering, this section provides a few
general thoughts about the topic.
6.2.1 Reuse of Link Analysis Results
Many of the results obtained during link analysis may also be of use in the filtering stage. For example, any
link clusters which did not turn out to be tables of contents may in fact represent navigation baxs (which
would most likely be removed by the filter), bibliographies (which a filter might wish to
transform into a
more printer-friendly format), or other constructs of interest to the filter.
Measurements of URL distance may be of some limited use when detecting advertisements. However,
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many web sites now make use of a local redirection script as the destination of an ad link, which allows the
site to track click-through statistics. A good advertisement filter would most likely require a more in-depth
URL analysis than the one performed during intra-document link detection.
6.2.2 Table of Contents Generation
When a table of contents appears in a multi-page web document, it can be recycled by an intelligent web
printing application for a print-version table of contents with only slight modification. However, not all
multi-page documents use table of contents links. In these cases, it is desirable to have some method for
generating a table of contents from scratch.
If the determination of page ordering has already been accomplished (see Section 6.1) then most of the
challenges of table of contents generation have already been solved. The order of entries is known, and the
referenced position in the document is defined by the location of the content of each web page when it is
assembled into a single document. Names must be chosen for each chapter or section. Often, the <TITLE>
tag in the heading of each page gives a good suggestion for the chapter name. Other times, the <TITLE>
tag contains only the name of the document, and no indication of the topic of each chapter. In this case, a
filtering engine might search for headers (possibly indicated by the tags <H1>, <H2>, etc.) or other text
which is unique on each page and is set apart from the rest of the content.
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Chapter 7
Results
The document boundary detection system was run on a test set of 98 documents, for which each was assigned
a pre-defined ground truth document boundary. The ground truth boundary was compared with the closest
match among the top three possible document boundaries returned by the document boundary detection
system. A correctness metric was applied, resulting in an overall success rate of 73%. The document
boundary detection system was able to achieve an exact match with the ground truth boundary in 56% of
the test documents. An additional 12% of the documents had some extraneous web pages, but no omissions
from the ground truth boundary.
7.1 Test Set
The 98 test documents were obtained in a variety ways. During development of the document boundary
detection system, documents were collected to stress a particular part of the system. Later, an arbitrary
third party was asked to select documents that were encountered during the course ofordinary web browsing.
Finally, additional documents were added to round out the test set and ensure that a wide variety of
document genres were covered. The resulting test set includes documents that vary widely in terms of both
size and category. Tables 7.1 and 7.2 give a breakdown of the composition of the test set, as well as the
success rate by size and by category.
Pages Number of documents Success Rate Cumulative
1 20 95% 95%
2-5 22 75% 85%
6-10 19 71% 80%
11-25 21 70% 78%
26-100 11 33% 73%
101+ 3 62% 72%
n 2 99% N/A
Table 7.1: Breakdown of test suite by number of pages. If a document has "n" pages, this means it is a
view into an installment-based document (see Section 2.4.2).
Category Number of documents Success Rate
News 21 91%
Entertainment 5 73%
Humor 3 68%
Business/E-commerce 6 22%
Academic/Research 8 88%
Educational/Informative 23 68%
Online Tour/Brochure 11 53%
Other 21 80%
Table 7.2: Breakdown of test suite by category
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7.2 Success Metric
In order to evaluate the accuracy of the document boundary detection system, it was necessary to develop
a means of computing a relative degree of success relating the ground truth document boundary to the
boundary chosen by the detection system. The CQnstxaints on this metric were as follows: first, the success
rate should always lie between zero and one inclusive; second, a perfect match should result in a success rate
of one, while anything other than a perfect match should result in a success rate that is strictly less than
one; and third, that ommitted pages (i.e. those that were included in the ground truth document boundary
but not in the result returned by the document boundary detection system) should be reflected with a
heavier penalty than extraneous pages (i.e. those that were not included in the ground truth document
boundary, but that appeared within the result boundary anyway). This last constraint is desirable to reflect
the relative costs of each type of error as perceived by the user. Ommitted pages could result in the loss
of critical information, while a small number of extraneous pages will merely cause a slight increase in the
amount of resources consumed as a result of printing or downloading the document.
The success metric that was used to evaluate the correctness of a document boundary is based on a
normalized set intersection of the ground truth document boundary with the boundaxy as determined by
the document boundary detection system. The two potential document boundaries are modeled as a pair
of sets composed of the
documents'
component URLs. Each URL is assigned the same normalized weight
such that the union of the two sets has a weight of one. The success metric is determined by the resulting
weight of the set representing the intersection of the ground truth document boundary with the hypothetical
document document boundaxy.
An example is shown in Figure 7.1. In this example, the ground truth document boundary contains
five unique URLs and is represented by set A. The boundary as determined by the document boundary
detection system (represented in the diagram by set B) is composed of eight URLs, three of which are
contained in the ground truth document. As described, the weight of the URLs is normalized such that
w(A U B) = 1. This results in a success metric of w(A n B ) = 0.33
= 33%.
Alternatively, the success metric can be computed directly by the magnitudes of the union and
intersec-
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Figure 7.1: The ground truth document boundary is represented by set A, while the hypothetical document
boundary is represented by set B. Since the intersection of the two sets is small compared to their union,
this document boundaxy scoxes a xelatively low 33% success.
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A third way of formulating this success metric is as follows:
n - o
ds =
n + e
where n is the number of pages in the ground truth document, o is the number of pages that were
omitted in the hypothetical document, and e is the number of extraneous pages that were included in
the hypothetical document (e). The advantage of this notation is that it shows that the success metric
is affected differently by omitted vs. extraneous pages. It can be seen that omitted pages will tend to
result in a higher penalty than a small number extraneous pages. This is consistent with the success metric
constraints outlined at the beginning of this section.
7.3 Analysis of Results
The breakdown of results by size in Table 7.1 shows that the accuracy of document boundary detection
exhibits a gradual decline as document size is increased. At first, the decline in accuracy is very rapid (single-
page documents tend to show a significantly higher success rate than even two- or three-page documents),
but for larger documents the rate of decline seems to taper off somewhat. It is believed that this decline in
accuracy is due to difficulties encountered by the document boundary detection system when handling an
increased amount of data, rather than some correlation between larger document sizes and poorly-authored
web pages.
On the other hand, the breakdown of results by category in Table 7.2 shows vast differences in success
rates for different genres of documents. Most notably, business-oriented and e-commerce pages tend to do
very poorly in comparison with the other categories of documents (the success rate is 22%, as compared
to an overall success rate of 73%). It is hypothesized that this is primaxily caused by the widespread use
of dynamic web pages in order to offer a shopping cart-like interface. As described in section 7.4, dynamic
web pages pose a number of challenges to document boundary detection.
The categories which resulted in the highest success rates were "News" (91%) and "Research/Academic"
(88%). It is believed that these categories axe the most likely to contain documents which wexe originally
presented as lineax non-hypertext documents, and which were converted to HTML merely for the purpose
of presentation on the world wide web. In addition, these genres of documents tend to be concerned with
the effective presentation of information rather than with an exciting or unique user experience. Both traits
make these types of documents ideal candidates for automated analysis.
7.4 Pathological Cases
During the course of testing, a number of cases were uncovered for which the document boundary detection
system produces an answer that is clearly wrong. Often, this is caused by an interaction between a poorly
designed web page and a known weakness in the process used to identify the document boundaxy. A few of
the most common types of failures have been identified and are described in this section.
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7.4.1 "Noisy" Documents
The link analysis phase of document boundary detection is calibrated to have a bias towards inclusion of
additional pages rather than exclusion. This is usually desirable, since extraneous pages may be removed
during the second phase but no new pages may be added to consideration. Normally, the extra pages
gathered during link analysis do not pose a problem.
On the other hand, if a web page has an exceptionally large number of links, the unwanted candidate
URLs may start to have a significant effect on systeita performance and accuracy. Assuming that the
probability of incorrectly classifying a given link remains constant, the number of extraneous candidate
URLs identified per page should be linear with regards to the number of links. Therefore, it is expected
that a page with a large number of links will cause the document boundary detection system to request
analysis of more extra-document links than a page with a small number of links.
To complicate thematter further, the principle of locality suggests that it is not unlikely that a page with
a large number of links will link to other pages with a similarly large number of links. A single highly-linked
page can result in several misidentified intra-document links, each of which may also lead to highly-linked
pages. This continues in an exponential fashion until the pages that makeup the desired document boundary
represent only a small fraction of the candidate URLs which axe passed to the second phase of document
analysis.
Documents such as these are referred to as
"noisy" documents. In practice, it has been found that a
document can be classified as "noisy" if a typical component page in the document links to more than
two hundred distinct URLs.
"Noisy" documents create a number of problems for document boundary
detection. Performance is severely impacted, as both phases of analysis must operate on a vastly inflated
amount of data. Worse yet, the document analysis phase may be unable to discern the desired document
boundary if there are too many candidate URLs. This is particularly true if the extra candidate URLs
include another unrelated document.
An example of the impact of link noise can be found in two separate views of the User Friendly comic
archive. [17] shows the web page using the
"Classic"
view. There are typically a few dozen links per web
page, depending upon the number of advertisement links. As expected, the document boundary detection
system has no difficulty in identifying this as a view into installment-based document. However, consider
the alternate view located at [18]. This view also shows a summary of user comments, with a link to the
message and user information that corresponds to each comment. The result is several hundred additional
links that do not appear in the "Classic" view. Although the original content is still intact, document
boundary detection is much more difficult on this alternate view. The system takes significantly more time
to complete its analysis, and the result includes an extraneous page that was not properly filtered by the
document analysis phase.
7.4.2 JavaScript and Other Non-HTML Elements
In the process of testing, at least one document was located for which the table of contents was represented
not as a series of links, but as an HTML form which then utilized JavaScript to open the appropriate
page. Because the current embodiment of the document boundary detection system ignores <SCRIPT>
tags, this makes the table of contents invisible to the system. The use of other non-HTML elements, such
as Shockwave Flash, can also cause the system to miss important indicators of intra-document links.
An example can be found at [1], which is a set of sixteen Japanese language lessons. The table of
contents is part of a form, which causes a JavaScript routine to execute. This is entirely invisible to the
document boundary detection system, and analysis starting at this page xesults in a failuxe. However, if
the initial URL given to the system is the first lesson, then progression links are detected and the proper
document boundary is computed. This demonstrates the value of redundancy to the document boundary
detection system.
7.4.3 Flat Directory Structure
An important clue for distinguishing a document table of contents from a navigation bar is the URL distance.
This assumes that the website exhibits some kind ofmeaningful hierarchy in its directory structure. However,
some web authors do not feel that this is necessary. They may put many loosely related pages in the same
directory, and sometimes they may even put the entire website in a single directory. When a flat or nearly-
flat directory structure is used, it is difficult to discern a table of contents from a navigation bar, and the
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likelihood of including extraneous pages increases.
7.4.4 Dynamic Web Pages
Dynamic web pages pose a host of problems to document boundary detection. For one thing, the results of
the detection system may be non-deterministic if a given URL has more than one possible HTML output
associated with it. Also, web sites employing dynamic web pages, especially those using Microsoft's Active
Server Pages approach, tend to have a relatively flat directory structure (see above).
Another problem posed by dynamic web pages is the tendency to have two separate web pages which
are identical except for some trivial distinguishing chaxactexistic. An example of this can be found at [12].
In addition to the main nine-page article, this entertainment news site has also provided links to citations,
related material, and other bands which axe similar to the one featured in the article. Every page of the
main article links to the same auxiliary material. However, the web pages that are served up by each axe
very slightly different: each has a return link to the page the user was on when he or she access the auxiliary
material. Here we see a nine-page document with four auxiliary pages, but because of the use of dynamic
web pages to provide automated return links, it appears to the document boundary detection system as if
there are thirty-six distinct auxiliary pages. The system detects the correct nine-page main document, but
the four-page auxiliary document is repeatedly identified as nine distinct four-page documents.
Most importantly, though, dynamic web pages resist classification using a single unchanging document
boundary. As described in section 2.4.3, some documents do not have a statically defined structure, and
in fact shift with the individual user's choices. Dynamics web pages can sometimes be made to display a
document-like structure by providing some pre-defined user input, but this structure is transient and easily
lost.
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Chapter 8
Conclusions
The objectives of this thesis are twofold: first, to explore the concept of a document boundary and to estab
lish a working definition; and second, to develop a robust method of automated detection and reconstruction
of a document boundaxy when found on the Woxld Wide Web.
It is hoped that the proposed definition of the document boundary presented in this thesis can stand
as a framework for the representation and manipulation of a new abstract concept. This definition has
shown its value in helping to illuminate certain structures which an author may use to guide the user
through a hypertext document. Though there is sometimes a certain degree of subjectivity in describing
the precise document boundary, the concept of a document boundary itself seems to fit very well with
hypertext documents that are primarily static.
In the case of dynamic hypertext documents (including "shopping cart"-oriented e-commerce sites, and
hypertext stories which change outcome or perspective depending upon user choices), the working definition
of the document boundary shows a much lesser degree of applicability. Such dynamic documents exhibit
a document boundary that is constantly changing according to user input, and so defy a static analysis as
outlined in this thesis.
A method of representing a document boundary has been proposed via the use of a directed graph. This
graphical representation helps to clarify the structure of a document. In addition, this notation has been
refined so that each class of intra-document link is represented by a different style of edge in the graph.
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This allows a more detailed classification of document structure than the pure directed graph approach.
It has been shown that under certain conditions, automated document boundary detection is quite
possible. This is particularly true if the document in question is well-structured and if that structure
resembles that of a linear printed document. In such cases, easily identifiable cues such as tables of contents
and progression links can be used to identify possible intra-document links, which are then explored in an
attempt to find consistent document patterns and structures.
On the other hand, there are categories of documents for which the methods presented here do not
seem to be adequate. The described automated document boundaxy detection system demands that a web
document is well-structured and that it adheres to certain conventions, such as those mentioned above.
These conventions are defined by the assumptions presented in this thesis. If an author fails to provide
appropriate structural cues, or employs unusual methods to signal the structure of the document, the
assumptions will be violated and document boundary detection will most likely fail.
8.1 Future Work
One possible method of dealing with dynamic hypertext documents or documents which cause the current
document boundary detection system to fail is to use a fuzzy xepresentation of the document boundaxy
that assigns a number of probabilistic boundaries based on the interaction that typical users have with the
document. This provides a mechanism to work with dynamic documents where multiple paths may each
represent a valid document boundary. It is likely that there may be some correlation between the most
popular paths through a document and the most useful portions of that document. In addition, humans
generally seem to be better at noticing and accounting for human error or whim, which may assist in the
analysis of documents which are poorly structured or have weakly indicated intra-document links. One
potential drawback of this approach, though, is that it requires a record of document usage over time,
whereas the present document boundaxy detection system works strictly on the available document content
and structure.
The techniques developed for this thesis focus specifically on HTML. Additional work is required to
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support non-HTML components of web pages (such as JavaScript) or to support other hypertext environ
ments besides the World Wide Web. It is believed that while the implementation itself will be altered, the
assumptions presented in this thesis should apply equally well to non-HTML and non-WWW hypertext
systems.
Many of the algorithms presented here execute in 0(n2) time. While performance is acceptable for
small documents with a moderate number of links per web page, the time required for analysis of complex
documents is often too high for use in a consumer application. It may be possible to devise alternative algo
rithms based on the same or a similar set of assumptions which would perform better in these pathological
cases.
It appears from a search of related literature that the concept of a document boundaxy in hypertext
remains relatively unexplored. The definition of the document boundary proposed in this paper is based
largely on an intuitive understanding of document structure, and may not represent the most rigorous or
optimal definition possible for this new hypertext construct. Further research could be conducted regarding
the way that users interact with document boundaries and document boundary-like structures, with the
aim being to provide insight into the best way to treat ambiguous or intersecting document boundaries and
to discover new applications that could capitalize on the notion of a document boundary.
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Appendix A
Interfacing with the User
For the most paxt, document boundaxy detection can take place without usex intervention. However, in
an application employing document boundary detection, there are times when it is necessary or at least
desirable to get some additional input from the user on his or her desires.
A.l Keeping the Time Bounded
In the two-phase approach described in this thesis, link analysis is applied iteratively until all candidate
pages have been analyzed, or "until some arbitrary stopping point is
reached."The reason for the latter
caveat is that most users will not tolerate an unbounded execution time in a consumer application.
A.1.1 Maximum Execution Time
The most direct way of tackling this problem is to have a user-specifiable maximum execution time. When
the document boundary detection system recognizes that it is at or near the maximum elapsed time, it
would take a "best
guess"
given the information it had collected so far. For example, when the system sees
it is less than 300 milliseconds from the deadline, it can cease link analysis, do a quick document analysis
on all the pages discovered so far, and return with what may be a partial document.
If the maximum execution time is set to a reasonably high value, then it should only come into play
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when a huge number of potential intra-document links have been discovered. Often, this means that one or
more of the true document pages had a great deal of "noise" resulting in an undue number of possible intra-
document links, most ofwhich will be screened out during the document analysis phase anyway. Sometimes,
though, there is merely a very large document and it will take time before the true extent of the document
is known. If the document analysis phase suggests that there may be a larger document, then the user
should be prompted as to whether they wish for analysis to continue past the allotted maximum time.
A.1.2 Maximum Document Size
Another way of keeping execution time bounded is to stop at some maximum document size. This could
be specified by number of web pages, number of kilobytes, or approximate number of printed pages. As
with the maximum time approach, if there is evidence of a large but strongly-structured document, the
user should be prompted as to whether document boundary collection should continue past the maximum
document size constraint.
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Appendix B
Web Printer Application
Document boundaxy detection is only the first phase of an intelligent web printer application. It is still
necessary to filter out content that would be undesirable for printing, such as navigation bars; layout the
remaining content in a coherent fashion, possibly including the generation of a table of contents; and finally
to output the resulting document in a printable format.
In addition, experience has shown that reliable document boundary detection can be computationally
expensive, and sometimes can be costly in terms of bandwidth too. It is likely that the planned systems
for intelligent filtering and layout will also require a large amount of processing power. For this reason, any
intelligent web printing application deployed in the near future will most likely rely on a centralized server
to bear the brunt of the workload.
Figure B.l shows a general block diagram of the system as it is currently embodied. The client application
makes contact with a single "web printer
server"
and provides the initial input URL along with a variety
of user preferences, such as detail level. This web print server then passes the request and growing pool of
information along from a series of servers which handle each of the phases of web printing: the
"collect"
phase, where document boundary detection takes place; the
"filter"
phase, where the content on each page
is categorized and useless content removed; the
"layout"
phase, where the remaining content is reformatted
in a printer-friendly manner; and the
"output"
phase, where the resulting document is sent to a printer, or
possibly saved as PostScript, PDF, or some other intermediate format. Often, all five virtual servers will
84
Client MachineD *% Web Printer ServerD
_.
Collect ServerD
(Document BoundaryD
Detection System)D
Filter ServerD
Layout ServerD
Output ServerDp*
Figure B.l: A block diagram of the web printer system
be running on a single machine.
B.l Server Requirements
The server should have a reliable high-bandwidth low-latency network connection, a reasonable amount of
processing power, and a very
large amount of RAM. The document boundary detection system was initially
developed on a 600 MHz laptop with 64 MB of RAM. On this system, processing speed was acceptable
(usually a little less than a second per typical
web page), but it was not uncommon for all the RAM to be
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consumed, resulting in a severe performance degradation as the system began swapping data to the hard
disk. A server with a 1 GHz processor and 512 MB of RAM should be able to perform two concurrent
document boundary analyses with quite acceptable performance.
The server must be capable of running Java arid using the Remote Messaging Interface (RMI). Since
Java is cross-platform, the operating system should theoretically be inconsequential. The server and client
applications under development have been tested successfully onWindows NT, Windows 98, and Sun Solaris.
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Appendix C
System Constants
The document boundaxy detection system makes use of a number of constants which are considered too
mundane to list as part of the general approach to document boundary identification. They are listed here
for reference.
C.l List of Progression Indicators
forward
fwd
back
next
previous
prev
<
>
arrow
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C.2 List bf Progression Indicator False Alarms
feedback
background
prevent
preval
prevail
preview
C.3 List of HTML Tags Affecting Text Appearance
<B>
<BIG>
. <CODE>
<DFN>
<EM>
<FONT>
<H1>
<H2>
<H3>
<H4>
<H5>
. <H6>
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<I>
<KBD>
<PRE>
<S>
<SAMP>
<SMALL>
<SPAN>
<STRIKE>
<STRONG>
<SUB>
<SUP>
<TT>
<U>
<VAR>
C.4 Node Weighting Scheme
A few metrics require that each Node be assigned a specified weight, which captures the relative strength
of that Node in terms of visually and structurally separating content on the page. The weighting scheme
currently in use assigns this weight based on the Node's
"name" field. In the case of an HTML tag, this is
merely the name of the tag. In addition, a few other names are possible. The most notable are "#text" for
text content, and
"#comment" for an inline comment.
The following is a list of all known Node names and their respective weightings:
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<A> = 4
<ABBR> = 3
<ACRONYM> = 3
<ADDRESS> = 0
<APPLET> = 20
<AREA> = 4
<B> = 3
<BASE> = 5
<BASEFONT> = 5
<BDO> = 0
<BIG> = 0
<BLOCKQUOTE> = 5
<BODY> = 50
<BR> = 2
<BUTTON> = 0
<CAPTION> = 0
<CENTER> = 5
<CITE> = 4
<CODE> = 4
<COL> = 0
<COLGROUP> = 0
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<DD> = 0
<DEL> = 0
<DFN> = 3
<DIR> = 0
<DIV> = 12
<DL> = 0
<DT> = 0
<EM> = 3
<FIELDSET> = 0
<FONT> = 5
<FORM> = 0
<FRAME> = 50
<FRAMESET> = 0
<H1> = 12
<H2> = 12
<H3> = 10
<H4> = 10
<H5> = 8
<H6> = 8
<HEAD> = 50
<HR> = 25
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<HTML> = 100
<I> = 3
<IFRAME> = 0
<IMG> = 3
<INPUT> = 0
<INS> = 0
<ISINDEX> = 0
<KBD> = 4
. <LABEL> = 0
<LEGEND> = 0
<LI> = 1
<LINK> = 4
. <MAP> = 8
<MENU> = 10
<META> = 0
<NOEMBED> = 0
<NOFRAMES> = 0
<NOSCRIPT> = 0
<NOBR> = 0
<OBJECT> = 0
<OL> = 5
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<OPTGROUP> = 0
<OPTION> = 0
<P> = 5
<PARAM> = 0
<PRE> = 0
<Q> = 0
<S> = 0
<SAMP> = 4
<SCRIPT> = 20
<SELECT> = 0
<SMALL> = 0
<SPAN> = 0
<STRIKE> = 0
<STRONG> = 3
<STYLE> = 0
<SUB> = 0
<SUP> = 0
<TABLE> = 25
<TBODY> = 0
<TD> = 1
<TEXTAREA> = 0
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<TFOOT> = 0
<TH> = 0
<THEAD> = 0
<TITLE> = 0
<TR> = 2
<TT> = 0
<U> = 0
<UL> = 5
- <VAR> __ 3
#TEXT = 2
#COMMENT = 0
#DOCUMENT = 100
C.5 Document Structure Certainty Scores
Each type of known document structure is assigned a score representing the strength of that structure.
When a potential document boundary is found to exhibit one or more of these structures, the associated
score(s) help determine the likelihood that this is a valid document boundary.
The following is a list of known document types and their respective scores:
Centralized Table of Contents = 0.1
All-Connected Table of Contents = 0.4
Hierarchical Structure = 0.1
Uni-Directional Progression Chain = 0.25
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Bi-Directional Progression Chain = 0.4
Return Links = 0.125
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Appendix D
Selected Examples
Selected example web pages have been printed using Internet Explorer in order to most closely capture how
they appear in the browser. This has been done because of the ever-changing nature of content on the web.
It is not unlikely that some or all of the examples presented in this thesis will disappear from the web over
the next several years. The most important examples axe preserved here for reference.
All of the following web pages axe publicly available on the World Wide Web at no charge, as of February
24, 2001. These copyrighted works are reprinted here under the Fair Use policy exactly as they appeared
on that date. Futher reproduction for profit or other non-research purposes without the express consent of
the copyright holders is forbidden, except as specified under the Fair Use policy. Except when otherwise
specified, copyright information appears on the web page itself.
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D.l Article from Salon.com
The following pages show the result of attempting to print an article from Salon.com [24] us,ing existing
tools. In addition to the presence of uselss menus and banner ads, notice the amount of wasted paper that
results from replicating the site's logo and copyright information at the top and bottom of each webpage.
97
>&LOt_ PHEMIUII find out more [ log!
salon.com
AE BOOKS COMICS LIFE NEWS PEOPLE POLITICS SEX TECH & BUSINESS
ARTICLE FINDER
Search
<? All of
Salon.com
' |
_0K1
LIFE
A matter of life in death
It begins with carnage and never really ends.
By J.B. Orenstein
Directory
Hot Topics
Iraq
Joe Conason's
Journal
The Sopranos
Osama bin Laden
Baseball
Since You Asked
Afghanistan
George W. Bush
Movie Reviews
World Trade Center
and Pentagon
Attacks
Articles by date
All of Salon.com
By department
PARTNER SERVICES
Get a free Allstate
quote
Search our
Personals
Salon Master
Classes
March 21, 2001 | FAIRFAX, Va. - A piercing shriek cut suddenly short, a car
flipping sidelong against its natural direction. For an odd, hanging moment, noth
else happened. The sky overhead buzzed as a helicopter changed directions. On i
ground, asphalt sparked in an infinity of rising dust and fallen glass crystals arou
a dusty brown car; a palette of reds splattered and dotted the windshield, and the
began to drip.
The car tumbled to a halt in a precarious stance on the passenger side, all four tir
airborne, after one-and-a-half turns on the highway. The truck had recoiled back
into the mouth of the crossing. The next 30 seconds or so following the helicopfc
departure were still. Police records indicate several calls registered to 91 1 nearly
simultaneously.
That's how it ends or that's
how it begins.
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The intersection, at Route 1
and Rippon Boulevard, was
long familiar to 91 1 operators.
Route 1, three lanes in each
direction on a slight elevation,
bends gently to the south and
east. Rippon Boulevard enters
blindly. Route 1 traffic is
hidden by a 20- or 30-foot hill
at the intersection, a mound of
dirt and tall reedy grasses. A
left turn is a grope until the
middle of a lane in which cars
stream by at 50 miles per hour. It's a setup. A meat grinder.
The nearest rescue squad, three blocks south, can get there in under a minute. Th
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first vehicles arrived as the second round of calls lit up the 91 1 switchboard and
they knew, before they even got there, that it was going to be a bad one.
The paramedics were ready for anywhere up to four or five occupants. The statis
of vehicle occupancy dictated that chances were good there would be a single
victim, the odds on two a lot lower but possible. Three or more would have been
rare stroke of bad luck. As they shot out of their truck and scrambled over to the
driver's side of the smashed car, a single occupant - and a horrible surprise -
awaited them. It was instantly apparent. The lady's huge belly was moving.
First-responder protocols include perhaps one paragraph on the pregnant trauma
victim: A) It is a rare situation, and B) get her the hell to the hospital as fast as
humanly possible. The woman's body would take a minimum of five to 10 minul
to extricate from the wreckage. It was already so busted up they might only have
attempted to find a pulse to confirm the fact of instant death, but with a living
patient trapped inside their dead patient, they had to get her to the hospital no m_
what.
A medic crawled in through the back seat to support the woman's head and stabi
her neck with a rigid-foam collar; a second medic broke through the windshield
produced a face mask and oxygen bag. Then, still at a crazy angle inside the
vehicle, they attempted an awkward, ineffective CPR in earnest, one pushing in ;
falling back off her chest, the other blowing in oxygen from the bag and mask. T
ambulance driver radioed for more help.
No one noticed that somewhere along the line the baby had stopped moving.
Hi Next page | "No vitals."As in dead
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The call greeted me as I began my E.R. shift at 4 p.m. "They're working on what
looks to be a near-term pregnant woman MVA out on Route 1. No vital signs,
ground crew called for air backup. No ETA yet, they're still getting her out of th.
car.
OK.
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I turned around to look at the
patient board, scan the nursing
station. A reflexive move, a
dodge. Okaaay. "No vitals
because they haven't gotten to
her yet, or no
vitals?"
"No vitals."As in dead.
"All right."I paused again,
because this raised a million
questions. "I'll get NICU (the
Neonatal Intensive Care Unit)
down here. Do they
know?"
"Not yet."
I hung up. Lynn, the charge nurse, hovered over me with her hands on her hips.
"What's coming
in?" She skipped a grimace and went for a poker face when she
heard the details. "Coming by
air?"
"Called for 'em. Still getting her out of the car. We've got some
time."
The message from Comm (communications) was clear: Mom was gone but if
everything broke right there might be a chance to salvage the baby. Such rescues
were rare, but not unheard of. They'd have to be here in 10 minutes max in order
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give the baby a chance. Possibly the mother, too, if, for some reason, the pre
hospital info was wrong or overblown. So, in practical terms, the call meant we ]
to get the NICU, specialists in newborns and preemies, down to the E.R. in a hui
Activating a trauma team is as easy as pushing a button. The E.R. at Fairfax
Hospital, in the suburbs ofNorthern Virginia, is a Level 1 trauma center, a place
where miracles can - and are expected to - take place. But the rescue about to
unfold was going to push our limits.
Comm called again almost immediately with an update. "Air crew's there. ETA
she said and disconnected. We had 15 minutes to get ready.
Kathy Kelly, the other E.R. doc who had been alerted to the coming trauma code
was on the phone when I found her. Her exasperated look, a too-calm "No, I nee
you
now,"
signaled that the party on the other end wasn't cooperating. Her clippe
tone, the
"now"
of her request, was the unique prerogative of the E.R. doc: Whei
we call for help, we need help. Kathy set the receiver down and stared at it for a
second before looking up at me. "That was OB. They'll try to make it."
"Try?"
"Do or do not,"she said, in fair imitation ofYoda. "There is no
try."
"So what's the scene here?" I asked.
In medical school, one of the fostering-nurturing things students are told ad
nauseam is that there is no such thing as a stupid question. In the real world of
medicine, 90 percent of questions are stupid, including the one I'd just asked. Th
"scene"
was the New York subway, the F train at rush hour, and it was about to j
substantially worse.
Lynn suddenly appeared from the mouth of the trauma room, dictating strategy c
ready positions. With a double trauma on the way and every bed already occupie
her whip was already cracking. "Kathy. I'm moving the last two traumas out to tl
hall. Julian, the baby will go into Room 2 once he or she's
out."
Because obstetric trauma occurs so rarely, neither obstetrics nor neonatology sta
are used to the stop-drop-and-run drill that E.R. and trauma docs take for grantee
few obstetric and neonatal emergencies demand instantaneous care, but for the n
part, their docs rarely need to go running to find them. When the neonatologist, 1
Huntington, returned my page she, too, sounded busy, and her tone left me less t
completely reassured that anyone would show up to help.
I had performed resuscitation on critically ill newborns and preemies during my
pediatrics residency years before, but I had gotten a little rusty, and hoped the sk
would come back to me. A lot of life hung on the results. I didn't need the NICU
much, but I prayed for them to arrive. I doubted any E.R. doc had ever done a cr
cesarean section. A trauma surgeon, yes, probably, because trauma surgeons are
accustomed to emergency surgery, but even then it might not be smooth.
An inescapable fact ofmedicine, unfailing as a law of nature, dictates that the m
practiced a surgeon is at a,procedure, the better the ultimate outcome. I had no ic
at the time, really, how fast a crash C-section could be performed two minutes
three? but I knew that an obstetrics resident performed them far more often th;
general surgeon.
Given the situation, doing it in two minutes was infinitely preferable to doing it i
four minutes. And given, too, the grim fact that the mother, already dead in the
field, had no realistic chance of resuscitation whatsoever, the only point of this
whole exercise would be to immediately remove the baby in the remote to unlik.
chance it had not already suffered irreversible brain damage.
Bl Next page | Less than 60 seconds to bring her from the landing pad into the
trauma bay
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All trauma patients, upon arrival in the E.R., are given a name, Alpha through Zi
All receive the surname Doe. The woman headed our way was Sierra Doe; her
baby, if she made it, Tango Doe. Once the helicopter bearing Sierra Doe landed
the roof of the E.R., it would take less than 60 seconds for the team to bring her
down from the landing pad and into the trauma bay.
The only job I absolutely had to do was to check that we had a functioning warn
for the baby and a neonatal resuscitation kit ready. Residency training had groun
into me that checking one's own resuscitation box was like packing your own
parachute - only the life at stake was not mine, but a newborn baby's. I had five
six whole minutes to get ready. An eternity.
MattMinoli, the senior trauma
surgery resident, had already
been in the E.R. all day. He
had just left to tend to a
crashing patient in the
Surgical ICU, leaving Prabhu,
his junior resident, sewing up
the head of the last trauma
patient, who had arrived 20 or
so minutes earlier.
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Matt responded loudly to the
page,
"Fuckin'
motherfucker.
They're thinning the fucking
herd out there
today."
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"OB's not here yet, and they sound
busy," Lynn informed him on his return. "Evi
done a stat
section?"
she asked.
"I've done C-sections once or
twice," he said, folding his arms.
"Well, here's your chance to do another
one,"
she said.
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He rubbed his chin, eyes sliding to the trauma room, where his junior resident w;
still sewing the scalp laceration. He patted his pockets, found a surgical stapler.
"Prabhu!" he called out. "Catch!" The silvery packet sailed across the E.R. Prabl
puzzled look turned to a nod of understanding. The head wound was closed in ar
instant.
The Comm nurse had an update from the flight crew. Sierra still had no pulse, e\
with CPR. There was a "downtime'' of 15-plus minutes, which meant she'd been
pulseless - dead at least that long. There was a lot of blood.
The only one listening besides the secretary, several patients and their families v.
Donna Rotondo, our social worker.
When a trauma patient arrives, one critical team member waits in the backgroum
eyes and ears alert, arms folded, hands idle: the social worker. He or she watche;
from a corner, picking up bits and pieces of information, awaiting the family's
arrival. Social workers routinely embrace the family's misery and loss, standing f
through the ordeal and interpreting the goings on. Depending on the gravity of ti
situation, they offer condolences, tempered pessimism or reassurance, accompan
by advice on whom to call for emotional support.
"You knew this was coming in, didn't
you?"
the Comm nurse asked.
Donna shook her head no, her face registering alarm.
Donna's task was to find the husband and arrange for him to get over here if the '
rescuers had not dispatched police to do that already. Maybe the woman's wallet
would help someone from the ambulance crew find the guy. If not, Donna wouk
make first contact. This delicate art requires her to prepare him for a brutal shod
without telling him the worst of it. After all, none of us knew yet what was comi
our way.
Donna is the person you want in the room at the moment your life is shattered. T
daily, close contact with vulnerable and confused people facing their most prima
fears is not for the faint of heart. The trauma code could last a matter of minutes
most. Intense, hairy as it might be, it would blow over quickly enough. Everythii
afterward, preparing the father to cope with the hours, days, months, years ahead
fell on her shoulders.
With Donna dispatched, the Comm nurse repeated her update. Sierra Doe had ta]
the full impact of the oncoming car. There was a subtext: In the science of crash
and car wrecks are meticulously referred to as crashes, not accidents somebo
is always at fault. When a car runs a light, the driver of that car risks being
crunched under the force of an accelerating vehicle, the caving door just inches
away from his or her body. The innocent driver is at least a hood's length way fr<
impact. By the harsh logic of vehicular crash statistics, our girl may have run the
red.
We didn't want to believe it. Pre-hospital information is sometimes sketchy,
inaccurate or just plain wrong. (Subsequent accident reconstruction investigators
later did, in fact, find otherwise.) But news distracted us.
That's when we heard it. The helicopter carrying Sierra Doe chopped into our
thoughts and at that moment, despite all the commotion, not one true specialist v
could help her in a meaningful way was present.
Bl Next page | Very few items are needed to rescue even the most gravely ill
newborn
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A matter of life in death |1, 2, 3, 4 , 5, 6 , 7
The baby box was under the warmer and everything seemed to be ready: tubes f(
the airway, I.V. catheters, pre-filled medication syringes. My thoughts were racii
so fast at that moment I was only half-aware of what I was checking. I didn't wai
to miss the action in the next room. At first, I nervously registered a couple of
syringes, a bunch of tubes. I forced a deep breath, then focused on each item one
one. Each medication syringe appeared to be properly labeled, none expired or
outdated, all the correct tube sizes. Very few items are needed to rescue even the
most gravely ill newborn.
Kathy, Matt, Prabhu and select nurses began to rip open sterile packs containing
turquoise blue surgical gowns, matching booties, masks and caps. An obstetrics i
had been wheeled in and Matt headed there first. He was soon joined by two
women I did not recognize, both skinny and blond, neither one in trauma garb, v.
had followed us in without our being aware of their arrival.
The obstetrics team finally.
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anticipation. Our patient was
being unloaded from the
helicopter, rolled into the
elevator. In another moment,
she would emerge into the
corridor a few yards away.
NICU was still AWOL.
Matt and the obstetrician
reviewed their strategy. The
trauma surgeons were to be at
Sierra's head and chest as the
OB team, at the belly, sliced and grabbed. "Who's going to take the
baby?"
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Prabhu, lacing and unlacing his fingers, looked across an empty stretcher to Mat
"She won't make it," he said. "Right?"
"Bet she will,"Matt said.
"A beer," the junior rejoined.
"You're on."
"Prabhu,"
Kathy said softly from immediately behind his shoulder, "don't bet on
patients. Don't bet on death."
A few students and residents had been trying to squeeze into the room so as not I
miss out on the rare experience. Lynn, assuming the role of recording nurse, shoi
them out one by one, from a podium at the back of the room. Each time a swish i
body came through the door, all eyes turned in anticipation, followed by grumbli
at the inconsiderate idiots breaking their attention, stretching their nerves.
Lynn, getting exasperated, yelled out into the E.R. for someone to keep everyon.
else out of the room and then pulled the door closed. The trauma record, a massi
three-page document, unscrolled in front of her.
The door opened again, and Lynn countered with a lunge of her own. "I told you
keep
out!"
she snapped.
A dark-blue-sleeved arm, bearing the insignia of the AirCare rescue team, forcec
her arm backward. Sierra Doe, the guest of honor, had arrived.
The 15 or so sea blue bodies packing the room doctors, nurses, techs
distinguishable only by their eyes, parted for the stretcher and paramedics. As if
choreographed, a gap opened around the trauma bed, and the phalanx of dark bh
rescuers marched in with Sierra Doe.
My first glimpse was of a small mass a swath of skin, a tangle of hair and a
plastic tube. The head and face. Next came a huge mass, a thunderhead her gr;
belly. Dried and not yet dried blood covered her face, her hair, every inch of her
flesh, the middle part of the dark blue flight suits surrounding her. It permeated t
fabric of her dress. The torso of one of the paramedics rhythmically pumped up ;
down on her chest as the effort at cardiopulmonary resuscitation continued.
Fifteen bodies closed in on Sierra Doe as swiftly as they parted. Exhale, inhale. _
pair of heavy-duty scissors hacked through the remains of her blue jeans up to h.
blood-soaked maternity top. The bloody rags were pulled aside.
Simultaneously, the chief flight paramedic stepped back and gave his report, his
only voice in the room for the moment. Standing just beyond the patient's head, 1
described the scene we all knew by heart: T-bone collision, high speed in an
intersection. Driver-side car door into her side.
Matt and Prabhu were on opposite sides of her chest, talking in voices loud enou
to be heard over the paramedic. Matt apparently didn't like what he saw and call*
"Thoracotomy
tray!" The paramedic performing CPR was waved off byMatt, w
intended to slice open her chest and explore for heart wounds the first swirl of
chaos in the otherwise orderly proceedings.
The obstetrics surgeon had not said a word. Standing immediately in front of me
next to the enormous belly, she started her procedure. My eyes snapped from Sie
Doe's chest to her belly; the mental, sequence of neonatal resuscitation stopped
running abruptly. In another two minutes, maybe three, I would have the baby.
"Probably 25 minutes realistically,''blared the voice of the flight medic over the
din. Dead for 25 minutes. An eternity. What are we all doing here? In just that fl
of an eye upward, I missed half of the cesarean.
Next page | A cord of red began snaking its way into Sierra Doe's broken boc
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Epidermis.
Dermis.
Subcutaneous fat.
Linea alba.
A scalpel raced through them,
a single horizontal slice. A
brown-black mass appeared
through the incision; the
obstetric resident's assistant's
hands shoved back the
ecchymotic flesh, further
exposing the darkened uterus.
Lynn barked irritably from her
podium: "Tell me what you're
doing,
people."A nurse
holding a bag of blood spiked it with an infusion set, called out to the nurse clos.
to the body to open up. At the nod, she squeezed the bag with all her might, and
cord of red - transfusion No. 1 - began snaking its way into Sierra Doe's brokei
body.
Fascia sheath.
Myometrium.
Amnion.
The OB resident deftly flicked the scalpel handle around in her hand and passed
off to her assistant. Then, equally swiftly, she produced a fine pair of scissors,
poked the point of the blade through the uterine fundus and guided the scissors
down vertically from umbilicus to pubis. A slice first this way, then that. Thirty
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seconds, tops. She reached into the black waters and brought out a baby.
It's a girl.
No wail, no cry, just a purple slippery form.
"Time of delivery 4:13," she called loudly, and the room froze momentarily.
In a final display of dexterity, the QB resident's hands again appeared, this time ;
the improbable reed dangling beneath the baby. She clamped the umbilical cord
once, moved up an inch and flicked the second clamp down, closing it on the coi
She cut the cord a moment after the second clamp was on, and Tango Doe was fi
I had been standing just behind the OB doc, stepping in closer as the startlingly
brief cesarean unfolded. As she wheeled around, holding aloft the newborn girl,
raised my arms to receive her. Before I could lay gloved hands on her, Dr.
Huntington, the NICU herself, darted in, grabbed the baby and fled.
A single, graceful arc traced her journey from mother's dark womb to isolette
landing pad. I saw the baby's assessment had already started: A pair of the NICE
doc's fingers fixed at the base of the umbilicus, feeling for a pulse.
The infant flopped down limply, and it was clear, without a nod or grunt from
Huntington, there could be no pulse, no heart rate, as at the tender age of 15
seconds old, 20 no cry, no respiration. Same deeply saturated grape hue as mo
Lifeless, stillborn. Dr. Huntington had brought along just one nurse and they beg
their work: an endotracheal tube down the throat to breathe, a long I.V. catheter
placed through the umbilical cord. Reflexively, my fingers were on the baby's ch
performing rapid compressions.
The nurse applied monitor pads, connected I.V. fluids, accepted medications froi
me. The quiet of Trauma Bay 2, punctuated by brief, staccato comments and
replies, was a stark contrast to the rising din in the next room. They must have
found something.
Sierra Doe, epicenter of the frenzy, lay paralytically still. Her color was an ashy
purple, ashy from the rivers of blood drained through her many injuries, purple
because the little blood left in her body had been depleted of all its oxygen. Her
short brunet hair was matted in blood. The thin rim of her dilated pupils was too
small to register a color.
Her arms were extended at both sides, the better to receive blood and fluids, the
better to expose her flanks for various and sundry crash surgical procedures. The
rest of her features were vague and distorted by the circumstances of her death: 1
face swollen and cut up, her body similarly disfigured and opened in unnatural
ways.
But she inched closer back to life each moment. Matt found several fractured rib
and a gaping chest wound, perhaps sheared by glass, perhaps from the door itseli
crunching under the impact. Like the OB doc a few moments ago, he made a has
slashing incision to explore. If the worst of her injuries was only a lacerated heai
muscle, he would know the moment he held it in his hands. Fixable. The brain ai
its starvation for oxygen - screw it. Never believe the worst until you see it for
yourself.
With one hand inside her chest, Matt used the other to shove away the medic doi
CPR. Sierra Doe's chest relaxed, allowing Matt's fingers to crawl deeper into her
thorax. Maybe there was a chance for a good resuscitation after all.
The second unit of blood arrived, then almost as quickly began to leak through ti
sieve of her wounds. Prabhu spiked a needle into the right side of her chest and \
greeted immediately by a rush of air and a stream of blood, and the right lung
reexpanded. A step closer.
It was with the third unit of blood, the third of eight eventually muscled in, that t
miracle occurred. Matt's fingers, caressing the woman's heart, failed to identify a
tear, and for a moment his spirits fell. The woman would not be tricked from dee
by something as easy as a lacerated heart.
As his fingers withdrew, he perhaps tickled a fiber, a sensitive spot. Something.
Kathy's eyes, still darting briskly, flicked up to the monitor above.
A beat. A pause. Another. Another.
"Is there a pulse with that?" Kathy asked, her voice rising through the din.
And there was. As the heart resumed its ceaseless motion contract, relax,
contract, relax the pallor of Sierra's face transformed from purple to pink, fron
ghostly death to flickering life, from a gargoyle into a pretty, young mommy.
"God must not have wanted her," Lynn said, tears pouring forth from her eyes.
Bl Next page | A pulse. A smile played over her face, then ours
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Everyone in the room froze as Richard stepped in. The only movement was the
flare of a white bedsheet as it was hastily thrown over Sierra Doe's gutted abdon
and thorax. The nurses, docs and techs met his eyes with a blank stare. We had
assembled for the sole purpose of giving this man a chance to be with his wife ai
baby, but no one seemed to know what to do with him once he got there.
Kathy sensed her cue and approached him, softly, telling him about the broken ri
the internal bleeding. She pointed to chest tubes. He nodded, possibly
understanding, possibly following what she was saying. The sheet covering his
wife's belly was turning red as Kathy pointed to it; the surgeons needed to get he
the O.R. right away to explore for other injuries, like a lacerated liver or spleen.
Again a nod. He looked around nervously. A rainbow of reds splashed seemingl;
everywhere, on towels thrown to the floor, smearing the sea blue surgical gowns
and hanging from the last two transfusion bags into the body of his wife. Too mi
blood. No baby.
We don't know yet if any head
injuries have been sustained,
Kathy continued. There's no
obvious sign of head injury,
and the tube coming from her
mouth is for breathing. Once
more, a nod.
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Then she handed him off to
me.
He engaged my eyes first. He
was so young.
"Here. Come with I said,
guiding him by his shoulders
through the cubicle between the two trauma rooms.
The view in Trauma Bay 2 presented a far more antiseptic picture: Here was a sr
baby, swaddled in blankets, in the arms of a nurse. We arrived just as Dr.
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Huntington and her nurse were preparing to take the baby to their unit. They did
know the father had shown up.
I told him, "It's a girl" as the nurse handed her over, placed her in his arms. "Oh
girl he cried. "A girl
He carried her stiffly, like any new father, afraid he might break her. It all looke.
normal.
The long-dormant memory reawakened, the reflex of how to talk a new dad thro
a disastrous delivery that may will ~ have lifelong consequences. I told him th
his baby had revived as soon as we started to work on her, that her ultimate
prognosis would be known better once some testing could be done in the NICU.
"Prognosis" is a portentous, scary enough word, and I left it at that. He hadn't he;
me, wasn't even listening.
"Her name is Elizabeth," he whispered, his eyes brimming. My eyes welled, too.
"That's a beautiful name,"I said. "She's a beautiful baby
girl."
"Liebchen and I picked the name just a week ago."
Dr. Huntington explained that she was there to take the baby to the NICU in the
mobile warmer just behind him. As he gave away his baby, he lapsed once again
into a series of nods and "uh-huhs." The nurse placed Elizabeth in the isolette. I
took the father by the shoulder and guided him back to his wife.
The collected surgeons, nurses and techs were chafing to get to the O.R., to get c
of that room, finally. It seemed like an eternity since Sierra Doe had first rolled i
and the minute it took Richard to meet his daughter had been an excruciating pai
Matt and Prabhu were busting to get to the O.R., a home turf of sorts, and be dor
with the ghastly nightmare. But they would be forced to endure it for another
moment, as Richard took a step to his wife, and bent down to her ear.
"I've just been in to see our
daughter," he said, choking on the word
"daughter."
"Elizabeth. She's beautiful. Just like
you."
Then he kissed her, lingering for a long moment, tears working their way down 1
face. "She loves her mommy. She told me to tell
you."
And then it happened. Her eyelids twitched. Blinked. It was the last movement
Liebchen ever made, and even now I think it was because she had heard him. In
darkening, closing paths and circuits of her brain, I am convinced she knew, just
before she died, that she had given birth, was a mommy, and that her daughter w
making her father so damn proud that she could finally let go.
SI Next page | As if a switch had been thrown, the team revived and broke into
action
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No one else saw it besides Richard and me. I asked, and no one believes me. It
hardly matters. She blinked. She acknowledged her husband's love and the birth
their daughter.
Richard stood up, ready to go, helpless and malleable once more. But halfway oi
of the room, he turned back to face us: a vast crowd, anonymous behind identica
gowns, masks and caps. He stopped and addressed the sea of eyes. "Thank you.
All." He stuttered, trying to think of something else to add. "I mean, just thank y
All ofyou."
The door shut softly behind
him. Sierra Doe's blink, her
baby's flickering survival, the
stunning synchronicity of
these unexpected events for
the benefit of a husband and
father it felt like perfection,
like the apex of lifesaving,
even with death, two deaths,
around the corner. We had
resuscitated battered humans
before, but never with such
graceful timing, never for
such brief and rich reward.
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As if a switch had been
thrown, the team revived and broke into action, this time to disband. Someone
kicked the brake from under the stretcher, releasing the wheels, and in another
second the sea blue and blood-spattered phalanx escorted Sierra Doe to the O.R.
half-minute later, Dr. Huntington and her nurse rolled the isolette bearing Tango
Doe silently away to the NICU. Both trauma rooms stood empty except for one <
two housekeeping crew cleaning up.
Kathy and I exchanged glances, a few words, and we started to part company, to
The X-ray tech was hustling back toward us with a film's ugly truths and a
confused, wondering look on her face. Everyone's gone, and she had something
vital to share.
"O.R.," I said.
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"Look, though."
I held the black-gray film up to thelight. "Yeah, OK." The head was attached on
by skin and muscle, above a severed spine. Depending on where you stand, that':
how it ends or that's how it begins all over again.
Liebchen, once known as Sierra Doe, died at 9:46 p.m. She was taken to, the
operating room from the trauma bay, where a quick exploration of her abdomen
turned up surprisingly little damage. The X-ray tech jogged in with the film
revealing the fatal separation between head and neck. Matt studied it as he work*
his fingers on her intestine. He sighed, shrugged and instructed Prabhu and anotl
junior resident to begin closing.
"See that?" he said. "Atlanto-occipital distraction."
The existing records fail to document how many times Richard held Elizabeth in
arms before she died the day after the accident. They are maddeningly dry with
regard to her final moments: "The infant was removed from the ventilator and
within six minutes there was no heart rate. The infant made no respiratory effort;
off the ventilator. Thus the heart stopped."
But I know what goes on.
The nurse takes the baby's isolette to a quiet room, picks a fresh blanket from the
warmer and sits the father in a comfortable rocker. She disconnects the monitors
first the alarms going off would be a cruel distraction and then she caps off
whatever I.V.s are running. This makes it a simpler matter to wrap the baby to m
her look pretty and normal, and only then does she hand the baby over to the dac
In a minute the nurse stops the ventilator. She breaks the connection between
breathing tube and machine, and the baby's color fades, pink to ashy to deeply
cyanotic, and the mingled sounds of crying and grief might fill the room. And th
sometime later they will fade, too.
Almost to the day, four years later, Richard remarried. And almost to the day, tw
years after that, he held a baby girl in his arms once again, healthy, pink, kicking
and crying. Which was the greatest act of faith? Getting married again? Crying f
joy upon learning his wife was pregnant? Or something as subtle as watching he
drive off to work one more time?
If asked, I'll tell you the most beautiful thing I can think of is this: At night, Rich
puts his baby, Serena, to bed in the crib Liebchen's father made for another baby
another house in another life. Richard sings his daughter to sleep and sometime
later on he'll check on her once more.
salon.com
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D.3 Multi-page menu from ITWorld.com
This page [19] acts as a menu from which to reach other pages, but it also appears to consist of multiple
pages itself. Notice the link to the "next" webpage ofmenu,that appears about halfway down the first page.
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D.4 Unclassifiable Link from a Radiohead Fan Site
This webpage [28] demonstrates how HTML can be used in a manner which is entirely inconsistent with
the document boundary and many of the other concepts presented in this thesis. The single link on this
page is labelled with the text "Link.'', and there is no indication as to its meaning or purpose.
No copyright information could be located for this page. The credits appear on a later page and are as
follows:
text and images by radiohead, Stanley donwood, the white chocolate farm, danielle chanel.
design by danielle chanel.
html programming by danielle chanel, Stephen donwood.
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Chapter 1
Source Code
Complete source code for the document boundary detection system is available on the included CD-ROM.
The following is a brief description of the directory structure used by the source code:
root directory GUI support that facilitates a test scaffolding for testing the system
WPAnalysis/ Basic mechanisms to support the expert system (e.g. rule and metric interfaces)
WPAnalysis/PageAnalysis/ The main control code and constants used by the first phase of document
boundary detection
WPAnalysis/PageAnalysis/Metrics/ Metrics employed by the first phase of document boundary
detection
WPAnalysis/PageAnalysis/Rules/ClusterRules Rules used to determine link clustering
WPAnalysis/PageAnalysis/Rules/ProgressionRules Rules used to determine the presence of pro
gression links
WPAnalysis/PageAnalysis/Rules/TableOfContentsRules Rules used to determine whether or not
a given link cluster represents a table of contents
WPAnalysis/DocumentAnalysis/ The main control code and constants used by the second phase of
document boundary detection
WPAnalysis/DocumentAnalysis/Metrics/Metrics employed by the second phase of document bound
ary detection
WPAnalysis/DocumentAnalysis/Rules/ Rules employed by the second phase of document boundary
detection
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